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SPIROAMINODIHYDROTHIAZINE
DERIVATIVES

TECHNICAL FIELD

The present invention relates to a spiroaminodihydrothiaz-
ine derivative and pharmaceutical use thereol. More particu-
larly, the present invention relates to a spiroaminodihydrothi-
azine dermvative which has an amyloid-f3 (heremafter referred
to as Af3) protein production mnhibitory effect or a beta-site
amyloid-p precursor protein cleavage enzyme 1 (hereinafter
referred to as BACE]L) mhibitory effect and is effective for
treating a neurodegenerative disease caused by AP protein, in
particular, Alzheimer-type dementia, Down’s syndrome or
the like, and to a pharmaceutical composition comprising the
spiroaminodihydrothiazine derivative as an active ingredient.

BACKGROUND ART

Alzheimer’s disease 1s a disease characterized by degen-
eration and loss of neurons as well as formation of senile
plaques and neurofibrillary tangles. Currently, Alzheimer’s
disease 1s treated only with symptomatic treatment using a
symptom improving agent typified by an acetylcholinesterase
inhibitor, and a fundamental remedy to 1nhibit progression of
the disease has not yet been developed. It 1s necessary to
develop a method for controlling the cause of the onset of
pathology 1n order to create a fundamental remedy for Alzhe-
imer’s disease.

It 1s assumed that Ap-proteins as metabolites of amyloid
precursor proteins (hereinaiter referred to as APP) are highly
involved 1n degeneration and loss of neurons and onset of
symptoms of dementia (see Non-Patent Documents 3 and 4,
for example). Ap-proteins have, as main components, A40
consisting of 40 amino acids and A 340 with two amino acids
added at the C-terminal. The APB40 and AP42 are known to
have high aggregability (see Non-Patent Document 5, for
example) and to be main components of senile plaques (see
Non-Patent Documents 5, 6 and 7, for example). Further, 1t 1s
known that the A340 and AP342 are increased by mutation in
APP and presenilin genes which 1s observed in familial
Alzheimer’s disease (see Non-Patent Documents 8, 9 and 10,
for example). Accordingly, a compound that reduces produc-
tion ol AP40 and AP42 1s expected as a progression inhibitor
or prophylactic agent for Alzheimer’s disease.

AR 1s produced by cleaving APP by beta-secretase
(BACE1) and subsequently by gamma-secretase. For this
reason, attempts have been made to create gamma-secretase
and beta-secretase ihibitors 1n order to inhibit Ap produc-
tion. Already known beta-secretase inhibitors are reported in
Patent Documents 1 to 15 and Non-Patent Documents 1 and
2 shown below and the like. In particular, Patent Documents
1, 14 and 15 describe an aminodihydrothiazine derivative and
a compound having beta-secretase inhibitory activity, that is,
BACFE]1 1nhibitory activity.

PRIOR TECHNICAL DOCUMENTS

Patent Documents

[Patent Document 1] WO 2007/049532

| Patent Document 2| U.S. Pat. No. 3,235,551
| Patent Document 3| U.S. Pat. No. 3,227,713
| Patent Document 4| JP-A-09-067355
[Patent Document 5] WO 01/087293

[Patent Document 6] WO 04/014843

| Patent Document 7| JP-A-2004-149429
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[Patent Document 8] WO 02/96897
[Patent Document 9] WO 04/043916
[Patent Document 10] WO 2005/058311
[Patent Document 11] WO 2005/097767
[Patent Document 12] WO 2006/041404
[Patent Document 13] WO 2006/041405
| 14] WO 2008/133273
| 15] WO 2008/133274

Patent Document
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Non-Patent Documents

[Non-Patent Document 1] Journal of Heterocyclic Chemistry,
Vol. 14, p. 717-723 (1977)

[Non-Patent Document 2] Journal of Organic Chemuistry, Vol.
33, p. 3126-3132 (1968)

[Non-Patent Document 3] Klemn W L, and seven others,
Alzheimer’s disease-aflfected brain: Presence of oligo-
meric Ap ligands (ADDLs) suggests a molecular basis for
reversible memory loss, Proceedings of National Academy
of Science USA 2003, Sep. 2; 100 (18), p. 10417-10422.

[Non-Patent Document 4] Nitsch R M, and sixteen others,
Antibodies against [J-amyloid slow cognitive decline 1n
Alzheimer’s disease, Neuron, 2003, May 22; 38, p. 547-
554,

[Non-Patent Document 3| Jarrett J T, and two others, The
carboxy terminus of the 3 amyloid protein 1s critical for the
seeding of amyloid formation: Implications for the patho-
genesis of Alzheimers’ disease, Biochemistry, 1993, 32
(18), p. 4693-4697.

[Non-Patent Document 6] Glenner G (G, and one other, Alzhe-
imer’s disease: 1nitial report of the purification and char-
acterization of a novel cerebrovascular amyloid protein,
Biochemical and biophysical research communications,
1984, May 16, 120 (3), p. 885-890.

[Non-Patent Document 7] Masters C L, and five others, Amy-
loid plaque core protein 1in Alzheimer disease and Down
syndrome, Proceedings of National Academy of Science
USA, 1985, June, 82 (12), p. 4245-4249.

[Non-Patent Document 8] Gouras G K, and eleven others,
Intraneuronal A342 accumulation 1n human brain, Ameri-
can Journal of Pathology, 2000, January, 156 (1), p. 15-20.

[Non-Patent Document 9] Scheuner D, and twenty others,
Secreted amyloid (-protein similar to that in the senile
plaques of Alzheimer’s disease 1s increased 1n vivo by the
presenilin 1 and 2 and APP mutations linked to familial

Alzheimer’s disease, Nature Medicine, 1996, August, 2
(8), p. 864-870.

[Non-Patent Document 10] Forman M S, and four others,
Ditfferential effects of the swedish mutant amyloid precur-
sor protein on 3-amyloid accumulation and secretion in

neurons and normeuronal cells, The Journal of Biological
Chemuistry, 1997, Dec. 19, 272 (31), p. 32247-32253.

SUMMARY OF INVENTION

Problem to be Solved by the Invention

An object of the present invention 1s to provide a spiroami-
nodihydrothiazine compound which differs from an aminodi-
hydrothiazine dertvative and a compound having BACEI
inhibitory activity described 1n Patent Document 1 and which
has an A[3 production inhibitory effect or a BACE]1 inhibitory
elfect and 1s useful as a prophylactic or therapeutic agent for
a neurodegenerative disease caused by A} and typified by
Alzheimer-type dementia, and pharmaceutical use thereof.
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Means for Solving the Problem

The present invention relates to:
[1] A compound represented by the formula (I):

|Formula 1]

(D

or a pharmaceutically acceptable salt thereof, wherein

Ring A 1s a C6-10 aryl group or a 3- to 10-membered
heterocyclic group,

L. 1s a single bond, an oxygen atom or a group represented
by the formula —C(—OQ)NR"— (wherein R” is a hydrogen
atom or a C1-6 alkyl group which may have 1 to 3 substituents
selected from Substituent Group o) or a C1-6 alkylene group,
a C2-6 alkenylene group or a C2-6 alkynylene group which

may have 1 to 3 substituents selected from Substituent Group
a., respectively,

Ring B 1s a C3-8 cycloalkyl group, a C6-10 aryl group or a
5- to 10-membered heterocyclic group,

X 1s a C1-3 alkylene group or a C2-3 alkenylene group
which may have 1 to 3 substituents selected from Substituent
Group ¢, respectively,

Y 1s an oxygen atom, a sulfur atom, a sulfoxide group, a
sulfone group or a group represented by the formula
— NR'— (wherein R” is a hydrogen atom or a C1-6 alkyl
group, a C1-6 alkylcarbonyl group, a C3-8 cycloalkylcarbo-
nyl group, a C6-10 arylcarbonyl group, a C1-6 alkylsulfonyl
group, a C6-10 arylsulfonyl group, a C6-10 aryl group or a 5-
to 6-membered heteroaryl group which may have 1 to 3
substituents selected from Substituent Group «, respec-
tively),

7. 1s a single bond or a C1-3 alkylene group,

R' and R” are each independently a hydrogen atom, a
halogen atom, a hydroxy group or a cyano group, or a C1-6
alkyl group or a C1-6 alkoxy group which may have 1 to 3
substituents selected from Substituent Group o, respectively,

R is a hydrogen atom or a C1-6 alkyl group, a C1-6
alkylcarbonyl group, a C6-10 arylcarbonyl group, a C1-6
alkylsulfonyl group, a C6-10 arylsulfonyl group, a C3-8
cycloalkyl group, a C6-10 aryl group or a 5- to 10-membered
heterocyclic group which may have 1 to 3 substituents
selected from Substituent Group o, respectively,

R* and R> are each independently a hydrogen atom, a
halogen atom or a hydroxy group, or a C1-6 alkyl group, a
C1-6 alkyloxy group, a C3-8 cycloalkyl group, a C3-8
cycloalkyloxy group, a C6-10 aryl group or a 5- to 10-mem-
bered heterocyclic group which may have 1 to 3 substituents
selected from Substituent Group «., respectively,

R®, R’ and R® are each independently a hydrogen atom, a
halogen atom, a hydroxy group or a cyano group, or a C1-6
alkyl group, a C2-6 alkenyl group, a C2-6 alkynyl group, a
C1-6 alkoxy group, a C3-8 cycloalkyl group, a (C3-8
cycloalkyloxy group, a C6-10 aryl group or a 3- to 10-mem-
bered heterocyclic group which may have 1 to 3 substituents
selected from Substituent Group o, respectively, and

n 1s an iteger of 1 to 3
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[Substituent Group a: a hydrogen atom, a halogen atom, a
hydroxy group, an oxo group, a cyano group, a C1-6 alkyl
group, a trifluoromethyl group, a trifluoromethoxy group, a
C1-6 alkoxy group, a C3-8 cycloalkyl group, a (C3-8
cycloalkyloxy group, a C6-10 aryl group and a 5- to 10-mem-
bered heterocyclic group];
[2] The compound or pharmaceutically acceptable salt
thereof according to [1] above, wherein X 1s a C1-3 alkylene
group which may have 1 to 3 substituents selected from
Substituent Group «;
[3] The compound or pharmaceutically acceptable salt
thereof according to [1] or [2] above, wherein Y 1s an oxXygen
atom;
[4] The compound or pharmaceutically acceptable salt
thereof according to [1] or [2] above, wherein Y 1s a sulfur
atom or a sulfone group;
[5] The compound or pharmaceutically acceptable salt
thereol according to [1] or [2] above, wherein Y 1s a group
represented by the formula —NR*— (wherein R” is a hydro-
gen atom or a C1-6 alkyl group, a C1-6 alkylcarbonyl group.,
a (C3-8 cycloalkylcarbonyl group, a C6-10 arylcarbonyl
group, a C1-6 alkylsulfonyl group, a C6-10 arylsulfonyl
group, a C6-10 aryl group or a 5- to 6-membered heteroaryl
group which may have 1 to 3 substituents selected from
Substituent Group o, respectively);
[6] The compound or pharmaceutically acceptable salt
thereof according to any one of [1] to [5] above, wherein L 1s
a group represented by the formula —C(—O)NR"—
(wherein R* is a hydrogen atom or a C1-6 alkyl group which
may have 1 to 3 substituents selected from Substituent Group
a);
7] The compound or pharmaceutically acceptable salt
thereol or solvate thereof according to any one of claims 1 to
6, wherein the compound 1s selected from the following com-
pounds:
1) (-)>—N-(2'-amino-2,3,5",6'-tetrahydrospiro|chromene-4,
4'-[1,3]thiazin]-6-yl)-5-cyanopyridine-2-carboxamide,
N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[ 1,
3|thiazin]-6-y1)-3-trifluoromethylpyridine-2-carboxam-
1de,
N-(2'-amino-2,3,5",6'-tetrahydrospiro[chromene-4,4'-[ 1,
3]thiazin]-6-y1)-3,5-difluoropyridine-2-carboxamide,
4) N-(2'-amino-2,3,5',6'-tetrahydrospiro|chromene-4,4'-[1,
3]thiazin]-6-y1)-5-bromopyrimidine-2-carboxamide,
N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[1,
3]thiazin]-6-y1)-5-bromopyrimidine-2-carboxamide and
6) N-(2'-amino-2,3,5',6'-tetrahydrospiro[chromene-4,4'-[1,
3|thiazin]-6-y1)-3,5-dichloropyridine-2-carboxamide;
[8] A pharmaceutical composition comprising the compound
or pharmaceutically acceptable salt thereof according to any
one of [1] to [7] above as an active ingredient;
[9] The pharmaceutical composition according to [8] above
for inhibiting production of amyloid-0 protein;
[10] The pharmaceutical composition according to [8] above
for inhibiting beta-site amyloid-[3 precursor protein cleaving
enzyme 1 (BACE]);
[11] The pharmaceutical composition according to any one of
[8] to [10] above for treating a neurodegenerative disease; and
[12] The pharmaceutical composition according to [11]
above, wherein the neurodegenerative disease 1s Alzheimer-
type dementia or Down’s syndrome.

Meanings of symbols, terms and the like used 1n the present
specification will be explained and the present invention waill
be described 1n detail below.

In the present specification, a structural formula of a com-
pound may represent a certain 1somer for convenience. How-

2)

3)

S)
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ever, the present invention includes all 1somers and 1somer
mixtures such as geometric isomers which can be generated
from the structure of a compound, optical 1somers based on
asymmetric carbon, stereoisomers and tautomers. The
present invention 1s not limited to the description of a chemi-
cal formula for convenience and may include any one of the
1somers or mixtures thereof. Accordingly, the compound of
the present invention may have an asymmetric carbon atom in
the molecule and exist as an optically active compound or
racemate, and the present invention includes each of the opti-
cally active compound and the racemate without limitations.
Although crystal polymorphs of the compound may be
present, the compound 1s similarly not limited thereto and
may be present as a single crystal form or a mixture of single
crystal forms. The compound may be an anhydride or a
hydrate. Any of these forms 1s included in the claims of the
present application.

The “halogen atom™ herein refers to a fluorine atom, a
chlorine atom, a bromine atom, an 10dine atom or the like and
1s preferably a fluorine atom or a chlorine atom.

The “C1-6 alkyl group” refers to an alkyl group having 1 to
6 carbon atoms. Preferable examples of the group include
linear or branched alkyl groups such as a methyl group, an
cthyl group, an n-propyl group, an isopropyl group, an n-butyl
group, an 1sobutyl group, a t-butyl group, an n-pentyl group,
an 1sopentyl group, a neopentyl group, an n-hexyl group, a
1 -methylpropyl group, an 1,2-dimethylpropyl group, a 1-eth-
ylpropyl group, a 1-methyl-2-ethylpropyl group, a 1-ethyl-2-
methylpropyl group, a 1,1.2-timethylpropyl group, a 1-me-
thylbutyl group, a 2-methylbutyl group, a 1,1-dimethylbutyl
group, a 2,2-dimethylbutyl group, a 2-ethylbutyl group, a
1,3-dimethylbutyl group, a 2-methylpentyl group and a 3-me-
thylpentyl group. The group i1s more preferably a methyl
group, an ethyl group or an n-propyl group.

The “C2-6 alkenyl group” refers to an alkenyl group having,
2 to 6 carbon atoms. Preferable examples of the group include
linear or branched alkenyl groups such as a vinyl group, an
allyl group, a 1-propenyl group, an 1sopropenyl group, a
1-buten-1-yl group, a 1-buten-2-yl group, a 1-buten-3-yl
group, a 2-buten-1-yl group and a 2-buten-2-yl group.

The “C2-6 alkynyl group” refers to an alkynyl group hav-
ing 2 to 6 carbon atoms. Preferable examples of the group
include linear or branched alkynyl groups such as an ethynyl
group, a 1-propynyl group, a 2-propynyl group, a butynyl
group, a pentynyl group and a hexynyl group.

The “C1-6 alkylene group™ refers to a divalent group
derived by excluding any one hydrogen atom from the “C1-6
alkyl group” as defined above. Examples of the group include
a methylene group, a 1,2-ethylene group, a 1,1-ethylene
group, a 1,3-propylene group, a tetramethylene group, a pen-
tamethylene group and a hexamethylene group.

The “C2-6 alkenylene group” refers to a divalent group
derived by excluding any one hydrogen atom from the “C2-6
alkenyl group” as defined above. Examples of the group
include a 1,2-vinylene group (ethenylene group), a prope-
nylene group, a butenylene group, a pentenylene group and a
hexenylene group.

The “C2-6 alkynylene group” refers to a divalent group
derived by excluding any one hydrogen atom from the “C2-6
alkynyl group” as defined above. Examples of the group
include an ethynylene group, a propynylene group, a buty-
nylene group, a pentynylene group and a hexynylene group.

The “C1-6 alkyloxy group” refers to an alkyl group having
1 to 6 carbon atoms 1n which one hydrogen atom i1s replaced
by an oxygen atom. Examples of the group include a methoxy
group, an ethoxy group, an n-propoxy group, an 1sOpropoxy
group, an n-butoxy group, an 1sobutoxy group, a sec-butoxy
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group, a t-butoxy group, an n-pentoxy group, an 1sopentoxy
group, a sec-pentoxy group, a t-pentoxy group, an n-hexoxy
group, an 1sohexoxy group, a 1,2-dimethylpropoxy group, a
2-ethylpropoxy group, a 1-methyl-2-ethylpropoxy group, a
1 -ethyl-2-methylpropoxy group, a 1,1,2-trimethylpropoxy
group, a 1,1,2-trimethylpropoxy group, a 1,1-dimethylbu-
toxy group, a 2,2-dimethylbutoxy group, a 2-ethylbutoxy
group, a 1,3-dimethylbutoxy group, a 2-methylpentoxy
group, a 3-methylpentoxy group and a hexyloxy group.

The “C1-6 alkylsulfonyl group™ refers to an alkyl group
having 1 to 6 carbon atoms 1n which one hydrogen atom 1s
replaced by a sulfonyl group. Examples of the group include
a methylsulfonyl group, an ethylsultfonyl group, an n-propyl-
sulfonyl group, an 1sopropylsulionyl group, an n-butylsulio-
nyl group, an 1sobutylsulfonyl group, a t-butylsulfonyl group,
an n-pentylsulfonyl group, an 1sopentylsulionyl group, a neo-
pentylsulfonyl group, an n-hexylsulfonyl group and a 1-me-
thylpropylsulfonyl group.

The “C1-6 alkylcarbonyl group” refers to an alkyl group
having 1 to 6 carbon atoms 1n which one hydrogen atom 1s
replaced by a carbonyl group. Preferable examples of the
group include an acetyl group, a propionyl group and a
butyryl group.

The “C6-10 aryl group” refers to an aromatic hydrocarbon
ring group having 6 to 10 carbon atoms. Examples of the
group include a phenyl group and a naphthyl group. A phenyl
group 1s particularly preferable.

The “C6-10 arylcarbonyl group™ refers to a group 1n which
a carbonyl group 1s bonded to an aromatic hydrocarbon ring
group having 6 to 10 carbon atoms. Preferable examples of
the group 1nclude a benzoyl group and a naphthoyl group. A
benzoyl group 1s more preferable.

The “C6-10 arylsulfonyl group™ refers to a group 1n which
a sulfonyl group 1s bonded to an aromatic hydrocarbon ring
group having 6 to 10 carbon atoms. Preferable examples of
the group 1nclude a benzylsulfonyl group and a naphthylsul-
fonyl group. A benzylsulfonyl group 1s more preferable.

The “C3-8 cycloalkyl group” refers to a cyclic alkyl group
having 3 to 8 carbon atoms. Preferable examples of the group
include a cyclopropyl group, a cyclobutyl group, a cyclopen-
tyl group, a cyclohexyl group, a cycloheptyl group and a
cyclooctyl group.

The “C3-8 cycloalkyloxy group” refers to a cyclic alkyl
group having 3 to 8 carbon atoms 1n which one hydrogen
atom 1s replaced by an oxygen atom. Examples of the group
include a cyclopropoxy group, a cyclobutoxy group, a cyclo-
pentoxy group, a cyclohexoxy group, acycloheptyloxy group
and a cyclooctyloxy group.

The “C3-8 cycloalkylcarbonyl group™ refers to a cyclic
alkyl group having 3 to 8 carbon atoms 1n which one hydrogen
atom 1s replaced by a carbonyl group. Examples of the group
include a cyclopropylcarbonyl group, a cyclobutylcarbonyl
group, a cyclopentylcarbonyl group, a cyclohexylcarbonyl
group, a cycloheptylcarbonyl group and a cyclooctylcarbonyl
group.

The “5- to 10-membered heterocyclic group™ refers to a
heteroatom-containing cyclic group having 5 to 10 members
in total. Preferable examples of the group include a piperidi-
nyl group, a pyrrolidinyl group, an azepinyl group, an azoca-
nyl group, a piperazinyl group, a 1,4-diazepanyl group, a
morpholinyl group, a thlomorpholmyl group, a pyrrolyl
group, an 1midazolyl group, a pyrazolyl group, a pyridinyl
group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl
group, a triazolyl group, a triazinyl group, a tetrazolyl group,
an 1soxazolyl group, an oxazolyl group, an oxadiazolyl group,
an 1sothiazolyl group, a thiazolyl group, a thiadiazolyl group.,
a turyl group, a thienyl group, a quinolinyl group, an 1so-
quinolinyl group, a benzofuryl group, a benzopyranyl group,
a benzimidazolyl group, a benzotriazolyl group, a ben-
zoisothiazolyl group, an indolinyl group, an isoindolinyl
group, a chromanyl group, an 1sochromanyl group, a 1,3-
dioxaindanyl group and a 1,4-dioxatetralinyl group.
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The “5- to 6-membered heteroaryl group” refers to the “5-
to 10-membered heterocyclic group™ which 1s a heteroatom-
contaiming aromatic cyclic group having 5 to 6 members 1n
total. Examples of the group include a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, a
triazolyl group, a triazinyl group, a tetrazolyl group, an 1s0Xx-
azolyl group, an oxazolyl group, an oxadiazolyl group, an
1sothiazolyl group, a thiazolyl group, a thiadiazolyl group, a
turyl group and a thienyl group.

Examples of the “C1-3 alkylene group” include a methyl-
ene group, an ethylene group and a propylene group.

Examples of the *“C2-3 alkenylene group” include a
vinylene group and a propenylene group.

“Substituent Group o” refers to a hydrogen atom, a halo-
gen atom, a hydroxy group, an oXxo group, a cyano group, a
C1-6 alkyl group, a trifluoromethyl group, a trifluoromethoxy
group, a C1-6 alkoxy group, a C3-8 cycloalkyl group, a C3-8
cycloalkyloxy group, a C6-10 aryl group and a 5- to 10-mem-
bered heterocyclic group.

The spiroaminodihydrothiazine derivative of the formula
(I) according to the present invention may be a pharmaceuti-
cally acceptable salt. Specific examples of the pharmaceuti-
cally acceptable salt include mmorganic acid salts (such as
sulfates, nitrates, perchlorates, phosphates, carbonates, bicar-
bonates, hydrofluorides, hydrochlorides, hydrobromides and
hydroiodides), organic carboxylates (such as acetates,
oxalates, maleates, tartrates, fumarates and citrates), organic
sulfonates (such as methanesulfonates, trifluoromethane-
sulfonates, ethanesulfonates, benzenesulfonates, toluene-
sulfonates and camphorsulfonates ), amino acid salts (such as
aspartates and glutamates), quaternary amine salts, alkali
metal salts (such as sodium salts and potassium salts) and
alkal1 earth metal salts (such as magnesium salts and calcium
salts).

The spiroaminodihydrothiazine derivative of the formula
(I) or pharmaceutically acceptable salt according to the
present invention may be a solvate thereof. Examples of the
solvate include a hydrate. The compound (1) 1s not limited to
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The spiroaminodihydrothiazine derivative 1s also prefer-
ably a compound of the formula (I), wherein L 1s a group
represented by the formula —C(—QO)NR“— (wherein R” is
as defined above).

The spiroaminodihydrothiazine derivative 1s particularly
preferably a compound of the formula (I), wherein Y 1s an
oxygen atom and Z 1s a single bond; wheremn Y 1s an oxygen
atom and Z 1s a C1-3 alkylene which may have 1 to 3 sub-
stituents selected from Substituent Group o.; or wherein 'Y 1s
a sulfur atom or a sulfone and Z 1s a single bond.

Preferable compounds 1n the present invention include the
tollowing compounds:

1) (-)—N-(2'-amino-2,3,5",6'-tetrahydrospiro[chromene-4,
4'-[1,3]thiazin]-6-yl)-5-cyanopyridine-2-carboxamide,

N-(2'-amino-2,3,5',6'-tetrahydrospiro[chromene-4,4'-[ 1,
3|thiazin]-6-y1)-3-trifluoromethylpyridine-2-carboxam-
1de,

N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[1,
3|thiazin]-6-y1)-3,3-difluoropyridine-2-carboxamide,

4) N-(2'-amino-2,3,5",6'-tetrahydrospiro[chromene-4,4'-[1,
3 |thiazin]-6-y1)-5-fluoropyridine-2-carboxamide,

N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[1,
3thiazin]-6-y1)-5-bromopyrimidine-2-carboxamide,

6) N-(2'-amino-2,3,5'.6'-tetrahydrospiro[chromene-4,4'-[1,
3thiazin]-6-y1)-5-bromopyridine-2-carboxamide,

N-(2'-amino-2,3,5",6'-tetrahydrospiro[chromene-4,4'-[ 1,
3]thiazin]-6-y1)-5-methoxypyrazine-2-carboxamide,

8) N-(2'-amino-2,3,5',6'-tetrahydrospiro[chromene-4.,4'-[1,
3]thiazin]-6-y1)-3,5-dichloropyridine-2-carboxamide,

9) N-(2'-amino-2,3,5',6'-tetrahydrospiro[chromene-4,4'-[ 1,
3]thiazin]-6-y1)-3-fluoropyridine-2-carboxamide,

10) 6-(5-methoxypyridin-3-yl1)-2,3,5",6'-tetrahydrospiro

[chromene-4,4'-]1,3|thiazin]-2'-amine,

11) 6-(3,5-dichlorophenyl)-2,3,5",6'-tetrahydrospiro

[chromene-4,4'-]1,3 |thiazin]-2'-amine,

12) 6-(1-methyl-1H-pyrazol-4-yl)-2,3,5",6'-tetrahydrospiro

[chromene-4,4'-]1,3 |thiazin]-2'-amine,

13) 6-(2-fluoropyridin-3-y1)-2,3,5',6'-tetrahydrospiro

[chromene-4,4'-[1,3]thiazin]-2'-amine,

2)

3)

S)

7)

a specific 1somer and includes all possible 1somers (suchasa 40 14) 6-[(2-aminopyndin-3-yl)ethynyl]-2.3,5',6'-tetrahy-
keto-enol 1somer, an 1imine-enamine 1somer, a diastereo1so- drospiro[chromene-4,4'-[ 1,3 |thiazin]-2'-amine and
mer, an optical 1somer and a rotamer) and racemates. For 15) 7-fluoro-6-(2-fluoropyridin-3-yl1)-2,3,5",6'-tetrahy-
example, the compound (I) includes the following tautomers. drospiro[chromene-4,4'-[ 1,3 [thiazin]-2'-amine.
|[Formula 2]
N N
""“"--...RB — 3
—
R4
" NH
S . R'S
X
R?@ L |
R8 Rl /Y

The spiroaminodihydrothiazine derivative of the formula
(I) according to the present imnvention 1s preferably a com-
pound of the formula (I), wherein X 1s a C1-3 alkylene group
which may have 1 to 3 substituents selected from Substituent
Group o, 1n particular, a methylene or ethylene which may
have 1 to 3 substituents selected from Substituent Group c.

The spiroaminodihydrothiazine derivative 1s also prefer-

ably a compound of the formula (I), wherein Y 1s an oxygen
atom, a sulfur atom, a sulfone group or a group represented by

the formula —NR’— (wherein R” is as defined above).

60

65

More preferable compounds include the following com-
pounds:
1) (-)>—N-(2'-amino-2,3,5",6'-tetrahydrospiro|chromene-4,
4'-[1,3]thiazin]-6-yl)-5-cyanopyridine-2-carboxamide,

N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[1,
3 ]thiazin]-6-y1)-3-trifluoromethylpyridine-2-carboxam-
1de,

N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[ 1,
3]thiazin]-6-y1)-3,3-difluoropyridine-2-carboxamide,

2)

3)
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4) N-(2'-amino-2,3,5',6'-tetrahydrospiro|chromene-4.,4'-[1,
3]thiazin]-6-yl)-5-bromopyrimidine-2-carboxamaide,
N-(2'-amino-2,3,5",6'-tetrahydrospiro| chromene-4,4'-[ 1,
3]thiazin]-6-yl)-5-bromopyrimidine-2-carboxamide and
6) N-(2'-amino-2,3,5'.6'-tetrahydrospiro[chromene-4,4'-[1,
3]thiazin]-6-y1)-3,5-dichloropyridine-2-carboxamide.

Next, methods for preparing the compound of the formula
(I) [hereinaiter referred to as compound (I); a compound
represented by another formula 1s similarly described] or
pharmaceutically acceptable salt thereof according to the
present invention will be described.

The later-described “leaving group” in the raw material
compound used 1n preparation of the compound of the for-
mula (I) according to the present invention may be any leav-
ing group used for nucleophilic substitution reaction. Prefer-
able examples of the leaving group 1include a halogen atom; a
C1-6 alkylsulfonyloxy group which may be substituted with
1 to 3 substituents selected from the above-described Sub-
stituent Group o.; a C1-6 alkylcarbonyloxy group which may
be substituted with 1 to 3 substituents selected from the
above-described Substituent Group «; and an arylsulfony-
loxy group which may be substituted with 1 to 3 substituents
selected from the above-described Substituent Group o.. Spe-
cific examples of the leaving group include a chlorine atom, a
bromine atom, an 10dine atom, a methanesulfonyloxy group,
a trifluorocarbonyloxy group, a trifluoromethanesulifonyloxy
group and a p-toluenesulifonyloxy group.

General Preparation Method 1:

S)

|Formula 3]
R/ R
I
Y R? —_—
ST NH
)‘l\ R3
R> S N~
H
(a-1)
R/ R?
H
| v K
N3

In the formula, Ring A, R', R*, R®>, R*, R>, X, Y and Z are
as defined above.

This step 1s a method of obtaining a compound (II) by
cyclizing a compound (a-1) with an acid.

This reaction 1s not particularly limited insofar as 1t does
not mnhibit the reaction and allows the starting matenal to be
dissolved therein to a certain extent. For example, the reaction
can be performed by causing one equivalent to a large excess
of an appropnate acid to act on the compound (a-1) 1n the
presence or absence of a solvent such as benzene, toluene or
dichloromethane. Further, an acid may also be used as a
solvent. Examples of the acid used include sulfuric acid,
trifluoroacetic acid, methanesulfonic acid, trifluoromethane-
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sulfonic acid and mixtures thereof. The reaction time 1s not
particularly limited and 1s usually 1 to 72 hours, and prefer-
ably 1 to 48 hours. The reaction temperature 1s usually 1ce-
cold temperature to solvent reflux temperature.
Method for synthesizing compound (1I)

The compound (a-1) used 1n General Preparation Method 1

can be synthesized from a compound (a-2) by Method 1 or
Method 2.

Method 1:
|Formula 4]
1
R R2
V4 [Step 1] [Step 2]
‘ - -
Y
\X O
(a-2)
NH
R3
N..--""'
H

(a-1)

In the formula, each symbol represents the same meaning,
as described above.

Method 1 1s a method of preparing the compound (a-1)
from the compound (a-2) as a starting material 1n two steps.
The compound (a-2) can be a commercially available product

used as 1s, can also be prepared from a commercially available
product by a known method, and can turther be prepared by a
method described in Preparation Examples among Examples.
Step 1:

This step 1s a step of obtaining a compound (a-3) by addi-
tion reaction of a vinyllithium reagent or a vinyl Grignard
reagent, which 1s commercially available or can be prepared
by a known method, with the compound (a-2). This reaction

can be performed under the same conditions as those
described in J. Am. Chem. Soc. 2006, 128, 9998-9999 and J.

Heterocyclic Chem. 1982, 19, 1041-1044, for example. The
solvent used 1n the reaction varies according to the starting
material and the reagent used, and 1s not particularly limited
insofar as 1t does not inhibit the reaction, allows the starting
material to be dissolved therein to a certain extent, and 1s
always 1nert during the reaction. Preferable examples of the
solvent include organic solvents such as diethyl ether, tet-
rahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, benzene
and toluene, and mixed solvents thereof. The reaction time 1s
not particularly limited and 1s usually 0.1 to 48 hours, and
preferably 0.1 to 12 hours. The reaction temperature varies
according to the starting material, the reagent used and the
like, and 1s preferably maintained to be low, for example, at
—78° C. to room temperature to minimize formation of a
by-product.
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Favorable results such as an improved yield and a reduced
reaction time may be achieved by addition of a Lewis acid
such as zinc chloride, or TMEDA (tetramethylethylenedi-
amine) or HMPA (hexamethylphosphoramide) as an additive,
for example.

Step 2:

This step 1s a step of obtaiming the compound (a-1) by
reacting the compound (a-3) with thiourea or N-substituted
thiourea 1n the presence of an acid.

The reaction 1n this step can be performed under the same
conditions as those described in Russ. J. Org. Chem., 2006, 42
(1), 42-477, for example.

Examples of the acid used 1n this reaction include acetic
acid, trifluoroacetic acid, hydrogen chloride, sulfuric acid and
mixtures thereof. The reaction can be performed by causing,
one or more equivalents of a thiourea derivative to act on the
compound (a-3) in the absence of a solvent or 1n an organic
solvent such as toluene. The reaction time 1s not particularly
limited and 1s usually 5 minutes to 24 hours, and preferably 5

minutes to 12 hours. The reaction temperature 1s usually 0° C.
to 150° C., and more preterably 0° C. to 100° C.
Method 2:

|Formula 5]

| Step 2]
(a-4)
R n2
@
T [Step 3]
Y R*
Ny R
\OH
(a-5)
R! o2
@
‘Z [Step 4]
Y R*
Ny ~ AN
LV
(a-6)
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-continued |
R n2
|
Y
™~ e \

R4
-~ NH
)‘\ R’
\S N~
H
(a-1)

In the formula, Ring A, R, R*, R>, R* X,Y and Z are as
defined above, LV represents a leaving group and R'° repre-
sents a C1-6 alkyl group.

Method 2 1s a method of preparing the compound (a-1)
from the compound (a-2) as a starting material 1n four steps.
Step 1:

This step 1s a step of obtaining a compound (a-4) by addi-
tion reaction of a Peterson reagent or a Horner- Wadsworth-
Emmons reagent with the compound (a-2) under the same
conditions as 1n a known method.

The Peterson reagent or the Horner- Wadsworth-Emmons
reagent can be a commercially available product used directly
or can be prepared by a method known to a person skilled 1n
the art. Specifically, such a reagent can be prepared by react-
ing an alkyl trialkylsilylacetate compound or a trnialkyl
phosphonoacetate compound with a commercially available
organometallic reagent, for example, an alkyllithium reagent
such as butyllithium, or with an alkoxypotassium or alkoxy-
sodium reagent such as tert-butoxypotassium, or with a cor-
responding lithium alkylamide reagent or magnesium alky-
lamide reagent by proton-metal exchange using metallic
magnesium or metallic lithium, for example.

The solvent used 1n this step varies according to the starting,
material and the reagent used, and 1s not particularly limited
insofar as 1t does not inhibit the reaction, allows the starting
material to be dissolved therein to a certain extent, and 1s
always 1nert during the reaction. Preferable examples of the
solvent include organic solvents such as diethyl ether, tet-
rahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, benzene,
toluene, methanol and ethanol, and mixed solvents thereof.
The reaction time 1s not particularly limited and 1s usually 0.1
to 48 hours, and preferably 0.1 to 12 hours. The reaction
temperature varies according to the starting material, the
reagent used and the like, and 1s preferably maintained to be
low, for example, at —78° C. to room temperature to minimize
formation of a by-product.

Step 2:

This step 1s a step of obtaining an alcohol compound (a-3)
by subjecting the ester compound (a-4) to reduction reaction.

Examples of the reducing agent used in the reaction
include lithium aluminum hydride, lithium borohydride and
duisobutylaluminum hydride. The reaction temperature 1s not
particularly limited and 1s usually —78° C. to solvent retlux
temperature, and preferably -78° C. to room temperature.
The solvent used in the reaction 1s not particularly limited
insofar as 1t does not inhibit the reaction and allows the
starting material to be dissolved therein to a certain extent.
Preferable examples of the solvent include tetrahydrofuran,
diethyl ether, toluene and dichloromethane.

Step 3:

This step 1s a step of obtaining a compound (a-6) by con-

verting the hydroxyl group of the compound (a-5) to a leaving

group.
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Examples of the leaving group include the above-described

14

-continued

leaving groups. The reaction can be performed under the
same conditions as those usually used 1n reaction of convert-
ing a hydroxyl group to such a leaving group. When the
leaving group 1s a halogen atom, for example, the compound 5
(a-6) can be prepared by reacting the compound (a-35) with |
hydrochloric acid, hydrobromic acid, thionyl chloride, thio- v /
nyl bromide, phosphorus tribromide or tetrahalogenom- ~x
cthane-triphenylphosphine, for example. The solvent used 1n A S
the reaction 1s not particularly limited insofar as it does not R \(

inhibit the reaction and allows the starting material to be
dissolved therein to a certain extent. Preferable examples of
the solvent include benzene, toluene, xylene, dichlo-
romethane and chloroform. The reaction temperature 1s usu-
ally —78° C. to solvent reflux temperature, and preferably

ice-cold temperature to solvent retlux temperature. The reac-
tion time 1s not particularly limited and 1s usually 5 minutes to
48 hours, and preferably 5 minutes to 12 hours.
When the leaving group 1s a C1-6 alkylcarbonyloxy group, R R2

the compound (a-6) can be prepared by reacting the com- ON
pound (a-5) with trifluoroacetyl chloride or trifluoroacetic <" A R
anhydride, for example. Z | [Step 3]

When the leaving group 1s a C1-6 alkylsulfonyloxy group | /
or an arylsulfonyloxy group, the compound (a-6) can be pre- Sy

pared by reacting the compound (a-5) with methanesulfonyl - S
25 R4 \(

| Step 2]

15

chloride, p-toluenesulionyl chloride or trifluoromethane-
sulfonic anhydride, for example.

The solvent used 1n the reaction 1s not particularly limited
insofar as 1t does not inhibit the reaction and allows the
starting maternal to be dissolved therein to a certain extent.
Preferable examples of the solvent include tetrahydrofuran, 30
toluene, xylene, dichloromethane, chloroform and N,N-dim-
cthylformamide. The reaction temperature 1s usually —78° C.

to solvent retlux temperature, and preferably —78° C. to room R2
temperature. A favorable result such as an improved yield O,N
may be achieved by addition ot a base. The base used is not A R3
particularly limited 1nsofar as 1t does not inhibit the reaction. 7 |
Preferable examples of the base include sodium carbonate, | N
potassium carbonate, tricthylamine, pyridine and diisopropy- Y / \(
lethylamine. X
Step 4:

This step is a step of obtaining the compound (a-1) by 4V

reacting the compound (a-6) with thiourea or N-substituted RS
thiourea.

Specifically, this reaction can be performed by causing one
or more equivalents of thiourea or N-methylthiourea to act on
the compound (a-6) 1n an organic solvent such as methanol, 45
cthanol, 1-propanol, 2-propanol, 1-butanol, tetrahydrofuran,
1,4-dioxane or N,N-dimethylformamide or 1n an norganic R7 RS
acid such as hydrobromic acid, for example. The reaction
time 1s not particularly limited and 1s usually 5 minutes to 24
hours, and preterably 5 minutes to 12 hours. The reaction s,
temperature 1s usually 0° C. to 150° C., and more preferably O
room temperature to 100° C.

; (b-5)
2. General Preparation Method 2:
or
RS
R?
Formula 6] ~° 1 Cl
Rl RZ R R2
H,N
A R3 A R3 Rﬁ O
Z | [Step 1] Z | (b-6)
| N NH - 60 | N NBoc
[Step 5]

65
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R® R’
o )
Rl
HN
A R? R
7z |
| N\ NBoc
Step 6
Y\X/ Y [Step 6]
S
R4/ \(
RS
(b-7)
RO R’
S
o )
Rl
HN
A R? .
Z |
| N NH

In the formula, Ring A, Ring B, R', R*, R®>, R*, R>, R®, R,
R® X.Y and Z are as defined above.

General Preparation Method 2 1s a method for preparing
the compound of the general formula (I) according to the
present invention, wherein L 1s —NHCO—, from the com-
pound (II) obtained in General Preparation Method 1 1n six
steps.

The compound (II) can be prepared from a commercially
available product by the above General Preparation Method
1, and can also be prepared by a method described 1n Prepa-
ration Examples among Examples. Compounds (b-5) and
(b-6) each can be a commercially available product used as 1s,
can also be prepared from a commercially available product
by a method known to a person skilled in the art, and can
turther be prepared by a method described in Preparation
Examples Among Examples.

Step 1:

This step 1s a step of preparing a compound (b-1) from the
compound (II).

This reaction can be performed by the following known
Method 1 or Method 2.

Method 1: Method of Simultaneously Performing Acetyla-
tion and Nitration Reactions for Compound (II) in System

This reaction can be performed by a method known to a
person skilled 1n the art. Examples of the conditions used in
the reaction include concentrated nitric acid/acetic anhydride
and fuming nitric acid/acetic anhydride. The reaction tem-
perature 1s not particularly limited and 1s usually -20° C. to
50° C., and preferably -20° C. to room temperature.
Method 2: Method of Isolating Acetylated Compound of
Compound (II) and then Performing Nitration

Step 2-1: This step 1s a step of obtaiming a corresponding
acetyl compound by acetylation reaction of the compound
(II). The reaction can be performed under the same conditions
as those generally used 1n acetylation of an amino compound
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such as the conditions described 1n a document such as T. W.
Green and P. G. M. Wuts, “Protective Groups 1n Organic
Chemistry, Second Edition”, John Wiley & Sons (1991), p.
351-352. Examples of the acetylating agent used 1n the reac-
tion include acetyl chloride and acetic anhydride. The reac-
tion temperature 1s not particularly limited and 1s usually
—-20° C. to 150° C.

Step 2-2: This step 1s a step of obtaining the compound
(b-1) by nitrating the acetyl compound synthesized in the
above Step 2-1. The nitration reaction can be performed under
the same conditions as those generally used in nitration such
as the conditions described in a document such as Jikken
Kagaku Koza (Courses 1n Experimental Chemistry) 4th ed.,
vol. 20, edited by The Chemical Society of Japan, p. 394-404
(1992). Examples of the nitrating agent used 1n the reaction
include concentrated nitric acid, concentrated nitric acid/ace-
tic acid, concentrated nitric acid/concentrated sulfuric acid,
potassium nitrate/concentrated sulfuric acid and fuming
nitric acid/acetic anhydride. The reaction temperature 1s not
particularly limited and 1s usually -20° C. to 70° C.

Step 2:

This step 1s a step of obtaining a compound (b-2) by
deacetylation reaction of the compound (b-1). This reaction
can be performed under the same conditions as those gener-
ally used 1n deprotection reaction of an acetyl group such as
the conditions described 1n a document such as 'T. W. Green
and P. G. M. Wuts, “Protective Groups in Organic Chemistry,
Second Edition”, John Wiley & Sons (1991), p. 351-352. The
reaction can be performed 1n the presence of an acid such as
hydrochloric acid, sulfuric acid or hydrobromic acid, for
example. The reaction solvent 1s methanol, ethanol, toluene,
propanol or the like. The reaction temperature 1s not particu-
larly limited and 1s usually -20° C. to 150° C., and preferably
room temperature to solvent reflux temperature.

Step 3:

This step 1s a step of obtaining a compound (b-3) by t-bu-
toxycarbonylating the amino group of the compound (b-2).

The reaction can be performed under the same conditions
as those generally used in t-butoxycarbonylation of an amino
compound such as the conditions described 1n a document
such as T. W. Green and P. G. M. Wuts, “Protective Groups 1n
Organic Chemistry, Second Edition”, John Wiley & Sons
(1991), p. 327-330. The compound (b-3) can be obtained by
reacting the compound (b-2) with di-tert-butyl dicarbonate
using triethylamine as a base 1n a solvent such as tetrahydro-
furan, for example.

Step 4

This step 1s a method of obtaining a compound (b-4) by
reducing the compound (b-3).

This reaction can be performed under the conditions gen-
erally used in reduction reaction of a nitro compound.
Examples of the reaction include reduction by catalytic
hydrogenation using a noble metal catalyst such as Raney
nickel, palladium, ruthenium, rhodium or platinum; reduc-
tion by a metal such as 1ron; and reduction by sodium dithion-
ite. In this case, reduction reaction with iron under neutral
conditions using ammonium chloride 1s preferable, for
example.

Step S:

This step 1s a step of obtaining a compound (b-7) from the
compound (b-4).

This reaction can be performed by a known method such as
(1) a method of directly condensing the compound (b-4) with
a compound (b-5) using a condensing agent (Method (1)), (2)
a method of reacting a mixed acid anhydride of a compound
(b-5) with the compound (b-4) (Method (2)), (3) a method of

reacting an active ester ol a compound (b-5) with the com-
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pound (b-4) (Method (3)) or (4) a method of reacting an acid
chloride compound (b-6) with the compound (b-4) (Method
(4)).

The compound (b-4) used 1n these reactions may be a free
form or a salt.
Method (1):

The compound (b-7) can be obtained by directly condens-
ing the compound (b-4) with the compound (b-5) using a
condensing agent.

This reaction can be performed by a known method.
Examples of the condensing agent include CDI (N,N'-carbo-
nyldimidazole), Bop (1H-1,2,3-benzotriazol-1-yloxy(tri
(dimethylamino))phosphonium hexatluorophosphate), WSC
(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  hydro-
chlonide), DCC (N,N-dicyclohexylcarbodiimide), dieth-
ylphosphoryl cvanmide, PyBOP (benzotriazol-1-yloxytris
(pyrrolidino)phosphonium  hexafluorophosphate)  and
EDC.HCI (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride).

The solvent in this reaction 1s not particularly limited inso-
far as 1t does not inhibit the reaction. Examples of the solvent
include tetrahydrofuran, 1,4-dioxane, ethyl acetate, methyl
acetate, dichloromethane, chloroform, N,N-dimethylforma-
mide, toluene and xylene.

One equivalent to a large excess of the compound (b-5) 1s
used with respect to the compound (b-4). One equivalent to a
large excess of an organic base such as triethylamine may be
added where necessary.

The reaction time 1s not particularly limited and 1s usually
0.5 to 48 hours, and preferably 0.5 to 24 hours. The reaction
temperature varies according to the raw material used, the
solvent and the like and 1s not particularly limited. Ice-cold
temperature to solvent reflux temperature 1s preferable.
Method (2):

The compound (b-7) can be obtained by converting the
compound (b-5) to a mixed acid anhydride and then reacting
the mixed acid anhydride with the compound (b-4). The
mixed acid anhydride can be synthesized by a known method.
The synthesis 1s performed by reacting the compound (b-5)
with a chloroformate such as ethyl chloroformate 1n the pres-
ence of a base such as triethylamine, for example. One to two
equivalents of the chloroformate and the base are used with
respect to the compound (b-5). The reaction temperature 1s
—-30° C. to room temperature, and preferably —20° C. to room
temperature.

The step of condensing the mixed acid anhydride with the
compound (b-4) 1s performed by reacting the mixed acid
anhydride with the compound (b-4) 1 a solvent such as
dichloromethane, tetrahydrofuran or N,N-dimethyliforma-
mide, for example. One equivalent to a large excess of the
compound (b-4) 1s used with respect to the mixed acid anhy-
dride.

The reaction time 1s not particularly limited and 1s usually
0.5 to 48 hours, and preferably 0.5 to 12 hours. The reaction
temperature 1s —20° C. to 50° C., and preferably -20° C. to
room temperature.

Method (3):

The compound (b-7) can be obtained by converting the
compound (b-3) to an active ester and then reacting the active
ester with the compound (b-4). The step of obtaining the
active ester 1s performed by reacting the compound (b-35) with
an active ester synthesis reagent 1 a solvent such as 1,4-
dioxane, tetrahydrofuran or N,N-dimethylformamide 1n the
presence of a condensing agent such as DCC, for example.
Examples of the active ester synthesis reagent include N-hy-
droxysuccinimide. 1 to 1.5 equivalents of the active ester
synthesis reagent and the condensing agent are used with
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respect to the compound (b-5). The reaction time 1s not par-
ticularly limited and 1s usually 0.5 to 48 hours, and preferably
0.5 to 24 hours.

The reaction temperature 1s —20° C. to 50° C., and prefer-
ably —=20° C. to room temperature.

The step of condensing the active ester with the compound
(b-4) 1s performed by reacting the active ester with the com-
pound (b-4) 1n a solvent such as dichloromethane, tetrahy-
drofuran or N,N-dimethyliformamide, for example. One
equivalent to a large excess of the compound (b-4) 1s used
with respect to the active ester. The reaction time 1s not
particularly limited and 1s usually 0.5 to 48 hours, and pret-
erably 0.5 to 24 hours. The reaction temperature 1s —20° C. to
50° C., and preferably —20° C. to room temperature.
Method (4):

The acylation reaction of obtaining the compound (b-7)
from the compound (b-4) and the compound (b-6) can be
performed under the same conditions as known conditions
generally used.

Examples of the base used in the reaction include triethy-
lamine, pyridine, potasstum carbonate and diisopropylethy-
lamine. The reaction temperature i1s not particularly limited
and 1s usually -78° C. to solvent reflux temperature, and
preferably —20° C. to room temperature. The solvent used in
the reaction 1s not particularly limited insofar as 1t does not
inhibit the reaction and allows the starting material to be
dissolved therein to a certain extent. Preferable examples of
the solvent include tetrahydroturan, ether, toluene and dichlo-
romethane.

Step 6:

This step 1s a step of obtaining the compound (I-a) by
deprotection reaction of the t-butoxycarbonyl group of the
compound (b-7).

The reaction can be performed under the same conditions
as those generally used 1n deprotection reaction of a t-butoxy-
carbonyl group such as the conditions described in a docu-
ment such as T. W. Green and P. G. M. Wuts, “Protective
Groups 1 Organic Chemistry, Second Edition”, John
Wiley & Sons (1991), p. 327-330. The compound (I-a) can be
obtained by reacting trifluoroacetic acid with the compound
(b-7) 1n a solvent such as dichloromethane, for example.

The compound of the general formula (I) according to the
present invention, wherein L is —C(—QO)NR"“— (wherein R”
1s a C1-6 alkyl group which may have 1 to 3 substituents
selected from Substituent Group ), can be obtained by fur-
ther reacting the thus-obtained compound of the general for-
mula (I) according to the present mmvention, wherein L 1s
—C(—=—0)NH—, with a corresponding C1-6 alkyl halide by a
common method.

When R” is a hydrogen atom in the general formula (1), the
compound of the formula (I) according to the present inven-
tion, wherein R? is a C1-6 alkyl group which may have 1 to 3
substituents selected from Substituent Group a, a C1-6 alky-
lcarbonyl group which may have a substituent selected from
Substituent Group a, a C6-10 arylcarbonyl group which may
have 1 to 3 substituents selected from Substituent Group o, a
C1-6 alkylsulfonyl group which may have 1 to 3 substituents
selected from Substituent Group a, a C6-10 arylsulifonyl
group which may have 1 to 3 substituents selected from
Substituent Group ., a C3-10 carbocyclic group which may
have 1 to 3 substituents selected from Substituent Group . or
a 5- to 10-membered heterocyclic group which may have 1 to
3 substituents selected from Substituent Group ¢, can be
obtained by further reacting the compound (I-a) obtained 1n
General Preparation Method 2 with a corresponding halide
compound such as a C1-6 alkyl halide, a C1-6 alkylcarbonyl
halide, a C6-10 arylcarbonyl halide, a C1-6 alkylsulfonyl
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halide, a C6-10 arylsulfonyl halide, a C3-10 carbocyclic
halide or a 5- to 10-membered heterocyclic halide.

3. General Preparation Method 3:

20

a document such as Holmberg, P.; Tedenborg, P.; Rosquvist,
S.; Hohansson, A. M., Bioorg. Med. Chem. Lett.; 15 (3),

747-750 (2005), for example. Examples of the conditions

|Formula 7]
R* R2 R2
R! Br R! Br R!
A n3 A . A n3
% N ILH [Step 1] % N ILH [Step 2] T N IL
- o Or
Y / A Y / Yo Boc
X X X
S S S
R4/\‘/ R4// \‘/ R4/
RS RS RS
(1) (c-1) (c-2)
\
RS R® B—0
B(OH), /
7 / 7
R I R I
RS RS
(c-4) (c-5)
6 6
R Sn(Alk); R
6
R’ L{ R’ OH a
R? i R?
Br R! RS RS : # - R
iﬁl ‘Bﬂc (c-6) (c-7) RS A ]_‘{3
7 Z
| N N [Step 3| . | N NH

R4/Y >
RS

(c-3) (c-8)

In the formula, L, represents a single bond or a C1-6
alkylene group in compounds (c-4), (c-5) and (c-6) and rep-
resents a single bond or a C1-4 alkylene group in compounds
(c-8) and (c-9), L represents a single bond, an oxygen atom, a

C1-6 alkylene group, a C2-6 alkenylene group or a C2-6
alkynylene group and Ring A, Ring B, R', R*, R°, R*, R>, R°,
R’,R®, X.Y and Z are as defined above.

General Preparation Method 3 1s a method for preparing
the compound (I-b) of the general formula (I), wheremn L 15 a
single bond, a double bond or a triple bond, from the com-
pound (II) 1n three steps.

The compound (II) can be prepared from a commercially
available product by the above General Preparation Method
1, and can also be prepared by a method described 1n Prepa-
ration Examples among Examples. The compounds (c-4),
(c-3), (c-6), (c-7) and (c-8) each can be a commercially avail-
able product used as 1s, can also be prepared from a commer-
cially available product by a known method, and can further
be prepared by a method described 1n Preparation Examples
among Examples.

Step 1:

This step 1s a step of obtaining a compound (c-1) by bro-
mination reaction of the compound (II) 1n the system. This
reaction can be performed by the same method as described in
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used 1n the reaction include bromine/acetic acid, bromine/
sodium carbonate/hexane and N-bromosuccinimide/methyl-
ene chloride. The reaction temperature 1s not particularly

limited and 1s usually =20° C. to 30° C., and preferably —20°

C. to room temperature.
Step 2:

This step 1s a step of obtaining a compound (c-2), or a
compound (c-3) when R is a hydrogen atom, by tert-butoxy-
carbonylating the compound (c-1). In this reaction, the com-
pound (c-2) or (c-3) can be obtained by reacting the com-
pound (c-1) with di-tert-butyl dicarbonate under the
conditions generally used in t-butoxycarbonylation of an
amide compound, for example, using 4-dimethylaminopyri-
dine as a base 1n a solvent such as THF.

The solvent used 1n this reaction 1s not particularly limited
insofar as 1t does not 1inhibit the reaction. Preferable examples
of the solvent include organic solvents such as tetrahydrofu-
ran, 1,4-dioxane, 1,2-dimethoxyethane, dichloromethane,
DMF and acetonitrile, and mixed solvents thereof. Examples
of the base used include triethylamine, 4-dimethylaminopy-
ridine, DBU and mixtures thereof. A catalytic amount to an
excess of, and more preferably 0.1 to 5 equivalents of the base
1s used with respect to the compound (c-1). Two equivalents
to an excess of, and more preferably 2 to 10 equivalents of
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di-tert-butyl dicarbonate 1s used with respect to the com-
pound (c-1). The reaction time 1s not particularly limited and
1s usually 5 minutes to 24 hours, and preferably 5 minutes to
12 hours. The reaction temperature 1s usually -20° C. to
solvent reflux temperature, and more preferably 0° C. to
solvent retlux temperature.

Step 3:

This step 1s a step of obtaining the compound (I-b) with the
t-butoxycarbonyl group deprotected by coupling reaction of
the compound (c-2) or (c-3) with a compound (c-4), (c-5),
(c-6), (c-7), (c-8) or (¢c-9) using a transition metal. This reac-
tion can be performed under the conditions usually used in
coupling reaction using a transition metal (such as Suzuki-
Mivyaura reaction, Stille reaction, Sonogashira reaction, Heck
reaction or a method described 1n Buckwald, S. L. etal., JAm
Chem Soc (1999) 121 (18), 4369-437/8).

The organometallic catalyst used 1n this reaction 1s not
particularly limited. Preferable examples of the organometal-
lic catalyst include metal catalysts such as tetrakis(triph-
enylphosphine)palladium (0), dichlorobis(triphenylphos-
phine)palladium (1), [1,1'-bis(diphenylphosphino)
terrocene]palladium (II) dichloride, bis(tert-butylphosphine)
palladium (0), palladium (II) acetate and [1,3-bis
(diphenylphosphino)propane]nickel (II), and mixtures of
these metal catalysts. The amount of the organometallic cata-
lyst used 1s about 0.001 to 0.5 equivalent with respect to the
raw material. The amount of the compound (¢c-4), (c-5), (c-6),
(c-7) (c-8) used 1s not particularly limited and 1s usually 1 to
6 equivalents with respect to the compound (c-2) or (¢c-3). The
solvent used 1n this reaction 1s not particularly limited insofar
as 1t does not inhibit the reaction. Preferable examples of the
solvent include benzene, toluene, xylene, N,N-dimethylior-
mamide, 1-methyl-2-pyrrolidone, tetrahydrofuran, 1,2-
dimethoxyethane, 1,4-dioxane, acetonitrile and propionitrile.
The reaction temperature i1s not particularly limited and 1s
usually 1ce-cold temperature to solvent retlux temperature,
and preferably room temperature to solvent reflux tempera-
ture, for example. The reaction time 1s not particularly limited
and 1s usually 0.5 to 48 hours, and preferably 0.5 to 24 hours.

A more preferable result such as an improved vield may be
achieved by carrying out this reaction in the presence of a base
or a salt. Such a base or salt 1s not particularly limited. Prei-
erable examples of the base or salt include bases or salts such
as sodium carbonate, potassium carbonate, bartum hydrox-
1ide, cesium carbonate, potasstum phosphate, potassium fluo-
ride and solutions thereof, and triethylamine, N,N-diisopro-
pylethylamine, lithium chloride and copper (1) 10dide.

In Step 3, when R is a hydrogen atom in the compound
(c-1), the compound (I-b) can be synthesized by coupling
reaction of the compound (c-1) with the compound (c-7)
without protection of the amino group with a t-butoxycarbo-
nyl group or the like.

When R’ is a hydrogen atom in the general formula (1), the
compound of the formula (I) according to the present mven-
tion, wherein R is a C1-6 alkyl group which may have 1 to 3
substituents selected from Substituent Group ., a C1-6 alky-
lcarbonyl group which may have a substituent selected from
Substituent Group a, a C6-10 arylcarbonyl group which may
have 1 to 3 substituents selected from Substituent Group o, a
C1-6 alkylsulfonyl group which may have 1 to 3 substituents
selected from Substituent Group o, a C6-10 arylsulionyl
group which may have 1 to 3 substituents selected from
Substituent Group ., a C3-10 carbocyclic group which may
have 1 to 3 substituents selected from Substituent Group . or
a 5-to 10-membered heterocyclic group which may have 1 to
3 substituents selected from Substituent Group ¢, can be
obtained by further reacting the compound (I-b) obtained 1n
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General Preparation Method 3 with a corresponding halide
compound such as a C1-6 alkyl halide, a C1-6 alkylcarbonyl
halide, a C6-10 arylcarbonyl halide, a C1-6 alkylsulfonyl
halide, a C6-10 arylsultonyl halide, a C3-10 carbocyclic
halide or a 5- to 10-membered heterocyclic halide.

The compound (I-b) obtained in General Preparation
Method 3, wherein L 1s a C1-6 alkylene group, can be pre-
pared by generating the compound (I-b), wherein L 1s a C2-6
alkenylene group or a C2-6 alkynylene group, by coupling
reaction of the compound (c-2) or (¢-3) with the compound
(c-8) or (c-9) using a transition metal, and then subjecting the
compound to reaction under the conditions usually used 1n
reduction reaction, for example, using a catalyst such as pal-
ladium.

The compound of the formula (I) according to the present
invention obtained 1n this manner can be converted to a phar-
maceutically acceptable salt by a conventional method where
necessary. The salt can be prepared by a method in which
methods typically used 1n the field of organic synthetic chem-
istry and the like are appropriately combined. Specific
examples of the method include neutralization titration of a
free solution ol the compound of the present invention with an
acid solution. The compound of the formula (I) according to
the present invention can be converted to a solvate by sub-
jecting the compound to solvate forming reaction known per
se where necessary.

The spiroaminodihydrothiazine derivative or pharmaceu-
tically acceptable salt thereof according to the present inven-
tion has an extremely excellent AP production inhibitory
cifect or BACE] mhibitory effect and 1s extremely usetul as a
prophylactic or therapeutic agent for a neurodegenerative
disease caused by Af3 and typified by Alzheimer-type demen-
t1a.

The spiroaminodihydrothiazine dertvative or pharmaceu-
tically acceptable salt thereof according to the present inven-
tion can be formulated by a conventional method. Preferable
examples of the dosage form include tablets, coated tablets
such as film tablets and sugar-coated tablets, fine granules,
granules, powders, capsules, syrups, troches, inhalants, sup-
positories, 1jections, ointments, eye drops, nasal drops, ear
drops, cataplasms and lotions.

These solid preparations such as tablets, capsules, granules
and powders can contain generally 0.01 to 100 wt %, and
preferably 0.1 to 100 wt % of the spiroaminodihydrothiazine
derivative or pharmaceutically acceptable salt thereof accord-
ing to the present invention as an active igredient.

The active ingredient 1s formulated by blending ingredients
generally used as materials for a pharmaceutical preparation
and adding an excipient, a disintegrant, a binder, a lubricant,
a colorant and a corrective typically used, and adding a sta-
bilizer, an emulsifier, an absorbefacient, a surfactant, a pH
adjuster, a preservative and an antioxidant where necessary,
for example, using a conventional method. Examples of such
ingredients include animal and vegetable oils such as soybean
o1l, beet tallow and synthetic glyceride; hydrocarbons such as
liquid paratfin, squalane and solid paratfin; ester oils such as
octyldodecyl myristate and 1sopropyl myristate; higher alco-
hols such as cetostearyl alcohol and behenyl alcohol; a sili-
cone resin; silicone oil; surfactants such as polyoxyethylene
fatty acid ester, sorbitan fatty acid ester, glycerol fatty acid
ester, polyoxyethylene sorbitan fatty acid ester, polyoxyeth-
ylene hydrogenated castor o1l and a polyoxyethylene-poly-
oxypropylene block copolymer; water-soluble polymers such
as hydroxyethylcellulose, polyacrylic acid, a carboxyvinyl
polymer, polyethylene glycol, polyvinylpyrrolidone and
methylcellulose; lower alcohols such as ethanol and 1sopro-
panol; polyhydric alcohols such as glycerol, propylene gly-




US 8,501,733 B2

23

col, dipropylene glycol and sorbitol; sugars such as glucose
and sucrose; inorganic powders such as silicic anhydride,
magnesium aluminum silicate and aluminum silicate; and
purified water. Examples of the excipient used include lac-
tose, corn starch, saccharose, glucose, mannitol, sorbitol,
crystalline cellulose and silicon dioxide. Examples of the
binder used include polyvinyl alcohol, polyvinyl ether, meth-
ylcellulose, ethylcellulose, gum arabic, tragacanth, gelatin,
shellac, hydroxypropylmethylcellulose, hydroxypropylcel-
lulose, polyvinylpyrrolidone, a polypropylene glycol-poly-
oxyethylene block copolymer and meglumine. Examples of
the disintegrant used include starch, agar, gelatin powder,
crystalline cellulose, calcium carbonate, sodium bicarbonate,
calcium citrate, dextrin, pectin and carboxymethylcellulose
calcium. Examples of the lubricant used include magnesium
stearate, talc, polyethylene glycol, silica and hydrogenated
vegetable o1l. Examples of the colorant used include those
permitted to be added to pharmaceuticals. Examples of the
corrective used include cocoa powder, menthol, empasm,
mentha oi1l, borneol and cinnamon powder. Obviously, the
ingredients are not limited to the above additive ingredients.

For example, an oral preparation is prepared by adding the
spiroaminodihydrothiazine derivative or pharmaceutically
acceptable salt thereof according to the present invention as
an active ingredient, an excipient and, where necessary, a
binder, a disintegrant, a lubricant, a colorant, a corrective and
the like, and then forming the mixture into powder, fine gran-
ules, granules, tablets, coated tablets, capsules or the like by
a conventional method. Obviously, tablets or granules may be
approprately coated, for example, sugar coated, where nec-
essary.

For example, a syrup or an injection preparation 1s pre-
pared by adding a pH adjuster, a solubilizer, an 1sotomizing,
agent and the like, and a solubilizing agent, a stabilizer and
the like where necessary by a conventional method. The
injection may be a previously prepared solution, or may be
powder itself or powder containing a suitable additive, which
1s dissolved betfore use. The injection can contain usually 0.01
to 100 wt %, and pretferably 0.1 to 100 wt % of the active
ingredient. Further, a liquid preparation for oral administra-
tion such as a suspension or a syrup can contain usually 0.01
to 100 wt %, and pretferably 0.1 to 100 wt % of the active
ingredient.

For example, an external preparation can be prepared by
any conventional method without specific limitations. As a
base matenial, any of various materials usually used for a
pharmaceutical, a quasi drug, a cosmetic or the like can be
used. Examples of the base material include materials such as
amimal and vegetable oils, mineral oils, ester oils, waxes,
higher alcohols, fatty acids, silicone oils, surfactants, phos-
pholipids, alcohols, polyhydric alcohols, water-soluble poly-
mers, clay minerals and punified water. A pH adjuster, an
antioxidant, a chelator, a preservative and fungicide, a colo-
rant, a flavor or the like can be added where necessary. Fur-
ther, ingredients such as an ingredient having a differentiation
inducing effect, a blood flow enhancer, a bactericide, an
antiphlogistic, a cell activator, vitamin, amino acid, a humec-
tant and a keratolytic agent can be blended where necessary.

The dose of the spiroaminodihydrothiazine derivative or
pharmaceutically acceptable salt thereof according to the
present mnvention varies according to the degree of symptoms,
age, sex, body weight, mode of administration, type of salt
and specific type of disease, for example. Typically, the active
ingredient 1s orally administered to an adult at about 30 ug to
10 g, preferably 100 ug to 5 g, and more preferably 100 ug to
1 g per day, or 1s administered to an adult by injection at about
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30ugto 1 g, preterably 100 ug to 500 mg, and more preferably
100 ng to 300 mg per day, 1n one or several doses, respec-
tively.

The compound of the present invention can be converted to
a chemical probe for capturing a target protein in a bioactive
low-molecular compound. Specifically, the compound of the
present invention can be converted to an affinity chromatog-
raphy probe, a photoatfinity probe or the like by itroducing
a labeling group, a linker or the like into a moiety differing
from a structural moiety essential for expression of activity of

the compound by a technique described 1n J. Mass Spectrum.
Soc. Jpn. Vol. 51, No. 5, 2003, p. 492-498 or WO 2007/

139149, for example.

Examples of the labeling group, the linker or the like used
for the chemical probe include groups shown 1n the following
group consisting of (1) to (5):

(1) protein labeling groups such as photoatifinity labeling
groups (such as a benzoyl group, a benzophenone group, an
azido group, a carbonylazido group, a diaziridine group, an
enone group, a diazo group and a nitro group) and chemaical
alfinity groups (such as a ketone group substituted at the
a.-carbon atom with a halogen atom, a carbamoyl group, an
ester group, an alkylthio group, Michael acceptors such as
a.,p-unsaturated ketones and esters, and an oxirane group),

(2) cleavable linkers such as —S—S— —0O—81—0—,
monosaccharides (such as a glucose group and a galactose
group ) and disaccharides (such as lactose), and enzymatically
cleavable oligopeptide linkers,

(3) fishing tag groups such as biotin and 3-(4,4-ditluoro-5,
7-dimethyl-4H-3a,4a-diaza-4-bora-s-indacen-3-yl )propio-
nyl,

(4) detectable markers such as radioactive labeling groups
such as '*°1, °“P, °H and '*C; fluorescence labeling groups
such as fluorescein, rhodamine, dansyl, umbelliferone, 7-ni1-
trofurazanyl and 3-(4.,4-ditfluoro-5,7-dimethyl-4H-3a,4a-
diaza-4-bora-s-indacen-3-yl)propionyl; chemiluminescent
groups such as luciferin and luminol; and heavy metal 10ns
such as lanthanoid metal 10ns and radium 1ons, and

(5) groups bound to solid-phase carriers such as glass
beads, glass beds, microtiter plates, agarose beads, agarose
beds, polystyrene beads, polystyrene beds, nylon beads and
nylon beds.

When a probe 1s prepared by introducing a labeling group
or the like selected from the group consisting of (1) to (5)
above mto the compound of the present invention in accor-
dance with a method described 1n the above documents or the
like, the probe can be used as a chemical probe for 1dentifi-
cation of labeled proteins useful for searching for novel drug
targets, for example.

MODE FOR CARRYING OUT THE INVENTION

The present mvention will be described more specifically
below with reference to Preparation Examples, Examples and
Test Example. However, the present invention 1s not limited
thereto. The abbreviations used 1n Preparation Examples and
Examples are conventional abbreviations known to a person

skilled 1n the art. Some abbreviations are shown below.
THEF: Tetrahydrofuran

DMEF: N,N-Dimethylformamide

TFA: Trifluoroacetic acid

EDC.HCI:  1-Ethyl-3-(3-dimethylaminopropyl)carbodi-
imide hydrochloride

pTLC: Preparative thin-layer chromatography

LC-MS: Liquid chromatography-mass spectrometry

PyBOP: Benzotriazol-1-yloxytris(pyrrolidino)phospho-
nium hexatluorophosphate
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Chemical shifts in proton nuclear magnetic resonance
spectra are recorded 1n 6 units (ppm) relative to tetramethyl-
silane and coupling constants are recorded 1in Hertz (Hz).

Patterns are designated as s: singlet, d: doublet, t: triplet, br:
broad. d
The “room temperature™ in the following Examples and
Preparation Examples typically refers to about 10° C. to about

35° C. “%” indicates wt % unless otherwise specified.

Preparation Example 1 10

Synthesis of 8-fluorochroman-4-one (Compound

1-3)
15
|Formula 8]
F\‘/\
20
HO/\/
(1-1)
F 25
. X
5 R
)’k/\ ‘ P -9 ~
HO o NF .
(1-2) O

(1-3)

35

(1) Synthesis of 3-(2-fluorophenoxy )propionic acid
(Compound 1-2)

40
(1-1) A solution of 2-fluorophenol (Compound 1-1, 3.0 g) 1n
N,N-dimethylformamide (7.0 ml) was added to a solution of
50% sodium hydride (3.22 g) mn N,N-dimethylformamide
(100 ml) 1n a nitrogen atmosphere with cooling 1n an 1ce bath.
After stirring at the same temperature for 30 minutes, a solu- 45
tion of 3-bromo-propionic acid (4.91 g) in N,N-dimethylior-
mamide (8.0 ml) was added. The mixture was returned to
room temperature and stirred at the same temperature for 24
hours. The pH was adjusted to 1 to 2 with 1 N hydrochloric
acid (100 ml) to terminate the reaction. The aqueous layer was 50
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The residue was crystallized by adding a mixed
solvent of 20% ethyl acetate-hexane to obtain the title com- 55
pound (1.33 g).
(1-2) The title compound was synthesized by the following
alternative method.

Potassium t-butoxide (2.42 g) was added to a solution of
the compound 1-1 (2.20 g) 1n tetrahydrofuran (100 ml) at 60
room temperature. Alter stirring for five minutes at the same
temperature, beta-propiolactone (2.71 ml) was added.
Because of heat generation, the mixture was moved to an ice
bath and stirred at the same temperature for one hour. After
turther stirring at room temperature for four hours, the mix- 65
ture was made acidic with 1 N hydrochloric acid to terminate
the reaction. The aqueous layer was extracted with ethyl
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acetate, and the organic layer was washed with brine. The
organic layer was dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was crystallized by adding a mixed solvent of 20%
cthyl acetate-hexane to obtain the title compound (1.44 g).

1H NMR (400 MHz, DMSO-d6) (ppm): 2.73 (t, 1=6.0 Hz,
2H), 4.24 (t, 1=6.0 Hz, 2H), 6.90-7.00 (m, 1H), 7.09-7.24 (m,
3H), 12.41 (br. s., 1H).

(2) Synthesis of Compound 1-3

Polyphosphoric acid (7.0 g) was added to the compound
1-2 (450 mg), and the mixture was stirred at 100° C. for 3.5
hours. The heat source was turned off and the temperature
was lowered to 75° C. At that time, crushed 1ce was gradually
added to the reaction mixture with vigorous stirring. When
the temperature was returned to room temperature, the reac-
tion solution was added to 1ce water. The aqueous layer was
extracted with diethyl ether, and the organic layer was
sequentially washed with aqueous sodium bicarbonate and
brine. The organic layer was dried over anhydrous magne-
sium sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chro-
matography to obtain the title compound (273 mg).

1H NMR (400 MHz, CDCL,) (ppm): 2.89 (t, J=6.4 Hz, 2H),
4.66 (t, J=6.4 Hz, 2H), 6.98 (td, I=4.4, 8.0 Hz, 1H), 7.29-7.34
(m, 1H), 7.71 (dt, J=1.5, 8.0 Hz, 1H).

The compounds described 1n Table 1 were similarly syn-
thesized. The structural formulas and 1H-NMR data are
shown 1n Table 1.

TABL.

L]
[

Structural formula 1H-NMR (400MHz) * (ppm)

Br 2.84-2.89 (m, 2H), 4.63-4.71 (m,
A 2H), 6.67 (dd, T = 8.8, 10.2 Hz, 1H),
7.68 (dd, T = 5.4, 8.8 Hz, 1H).

N

F 2.81 (t, ] = 6.6 Hz, 2H), 4.56 (t,
J=6.6 Hz, 2H), 6.67 (dd, J = 2.27, 9.85
Hz, 1 H), 6.75 (td, T = 2.27, 8.46 Hz,
1 H), 7.93 (dd, T = 6.8, 8.8 Hz, 1H).

2.82 (t, ] = 6.4 Hz, 2H), 4.54 (t,
I =6.4Hz, 2H), 6.71 (ddd, T = 1.0, 8.3,
10.7, 1 H), 6.80 (dt, J = 1.0, 8.6 Hz,
1H), 7.41 (td, J = 6.1, 8.3 Hz, 1H).
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Preparation

Example 2

Synthesis of 2,3,5',6'-tetrahydrospiro| chromene-4,4'-
[1,3]thiazin]-2'-amine (Compound 1)

|Formula 9]

(1) Synthesis of 4-vinyl-chroman-4-o0l (Compound
2-2)

Zinc chloride (461 mg) was added to vinylmagnesium
chloride (1.48 M solution 1n tetrahydrofuran; 29.7 ml), and
the mixture was stirred at room temperature for one hour. The
reaction solution was cooled to 0° C., followed by dropwise
addition of a solution of the compound 2-1 (5.00 g) in tet-
rahydroturan (20.0 ml). The reaction solution was stirred at
the same temperature for five hours. After confirming disap-
pearance of the raw material, an ammonium chloride solution
was added to the reaction mixture. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crude product was purified by silica
gel column chromatography to obtain the title compound
(5.37 g).

"H-NMR (400 MHz, CDCL,) § (ppm): 1.99 (ddd, J=2 .4,
4.8,13.6 Hz, 1H),2.12 (m, 1H), 4.26 (ddd, J=4.0, 4.8, 8.8 Hz,
dH) 4.35 (dt J=2.8, 10.8 Hz, 1H), 5.31 (dd, J=1.6, 10.6 Hz,
1H), 5.47 (dd, J=1.6, 16.8 Hz, 1H), 6.01 (dd, 10.6, 16.8 Hz,
1H), 6.85 (dd, J=1.2, 84Hz 1H), 6.90(dt, J=1.2,7.6 Hz, 1H),
7.20 (ddd, J=1.6, 7.6, 8.4 Hz, 1H), 7.28 (dd, J=1.6, 7.6 Hz,
1H).

(2) Synthesis of 2-[2-chroman-(4E)-ylideneethyl]-
1sothiourea (Compound 2-3)

Thiourea (2.75 g) was added to a solution of the compound
2-2 (5.30 g) 1n acetic acid (28.0 ml). After stirring at room

10

15

20

25

30

35

40

45

50

55

60

65

28

temperature for four hours, the insoluble matter was removed
by filtration through cotton plug and the filtrate was added
dropwise to ether (200 ml). The mixture was cooled to 0° C.
and stirred for four hours. The solid was allowed to stand
overnight. The generated solid was removed by a glass filter,
and the solvent in the filtrate was evaporated under reduced
pressure. Ethyl acetate was added to the residual o1l, followed
by neutralization with aqueous sodium bicarbonate. Then, the
generated white solid was collected by a glass filter and
washed with water. The resulting solid was dried to obtain the
title compound (3.10 g).

"H-NMR (400 MHz, DMSO-d,) & (ppm): 2.74 (m, 2H),
3.74 (m, 2H), 4.17 (m, 2H), 6.18 (m, 1H), 6.83 (m, 1H), 6.90
(m, 1H), 7.16 (m, 1H), 7.59 (m, 1H).

(3) Synthesis of Compound 1

Trifluoromethanesulfonic acid (1.00 ml) was added drop-
wise to a solution of the compound 2-3 (1.00 g) 1n trifluoro-
acetic acid (5.00 ml) 1n an ice bath. The mixture was warmed
to room temperature and stirred for two hours. The reaction
mixture was added dropwise to aqueous sodium bicarbonate
in an 1ce bath, to neutralize the reaction. The aqueous layer
was extracted with ethyl acetate, and the organic layer was
washed with aqueous sodium bicarbonate and brine. The
organic layer was dried over anhydrous magnesium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by NH-silica gel column chromatogra-
phy to obtain the title compound (300 mg).

'H-NMR (400 MHz, CDCL,) & (ppm): 1.92 (ddd, J=3.0,
4.8, 14.0 Hz, 1H), 1.95 (ddd, J=4.0, 6.6, 14.0 Hz, 1H), 2.07
(ddd, J=4.2, 9.6, 14.0 Hz, 1H), 2.23 (ddd, J=4.2, 10.8, 14.0
Hz, 1H),3.04 (ddd, J=4.2,6.6,12.8 Hz, 1H),3.11 (ddd, J=4.0,
9.6,12.8 Hz, 1H), 4.24 (ddd, J=3.0, 10.8, 11.6 Hz, 1H), 4.33
(ddd, J=4.2,4.8, 11.6 Hz, 1H), 6.81 (dd, J=1.4, 8.1 Hz, 1H),
6.89 (dt, I=1.4, 7.2 Hz, 1H), 7.12 (ddd, I=1.6, 7.2, 8.1 Hz,
1H), 7.15 (dd, J=1.6, 7.6 Hz, 1H).

Preparation Example 3

Synthesis of N-(2'-amino(6-nitro-2,3,5",6'-tetrahy-
drospiro[chromene-4,4'-[ 1,3 [thiazin]-6-y])trifluoro-
acetamlde (Compound 2)

{Formula 10]

/\/ NO2 T
o0 F —
®
(3-1) (3-2)
F

F

®
F

N _NH
O 7
®
(3-3)
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-continulf:ad
F
O
E
NH
—_—
O
OH
(3-4)
b
F
O
F
NH
e
O
X NH
\S)J\NHE
(3-3)

e

O
‘/\/NH
7

F
F
F
o/ N
N NH,
Py

~
2

(1) Synthesis of 2,2,2-trifluoro-N-(4-oxochroman-6-
ylacetamide (Compound 3-3)

The compound 3-1 (1.0 g) was dissolved 1n acetone (50
ml). Tin dichloride dihydrate (3.66 g) was added and the
mixture was heated under reflux overnight. After confirming,
completion of the reaction, the reaction mixture was cooled to
room temperature. The solvent was evaporated under reduced
pressure and aqueous sodium bicarbonate was added to the
reaction mixture, followed by extraction with methylene
chlonide. The aqueous layer was reextracted with ethyl
acetate. The organic layer was dried over anhydrous magne-
sium sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chro-
matography. The resulting product (464 mg) was dissolved in
methylene chloride (14 ml). Triethylamine (0.57 ml) and
trifluoroacetic anhydride (0.57 ml) were added thereto 1n an
ice bath, and the mixture was stirred at the same temperature
for 20 minutes. Triethylamine (0.595 ml) was added and the
mixture was further stirred 1n an ice bath for 40 minutes. After
confirming disappearance of the raw material, an ammonium
chloride solution was added to the reaction mixture to termi-
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nate the reaction. The aqueous layer was extracted with meth-
ylene chloride. The aqueous layer was further extracted with
cthyl acetate, and the combined organic layers were dried
over anhydrous magnesium sulfate. The pale yellow solid
generated by evaporating the solvent under reduced pressure
was collected by a Kiriyama funnel. The crude product was
purified by silica gel column chromatography to obtain the
title compound (644 mg).

1H NMR (400 MHz, DMSO-d6) (ppm): 2.82 (t, J=6.5 Hz,
2H), 4.55 (t,1=6.5 Hz, 2H), 7.11 (d, J=9.0 Hz, 1H), 7.79 (dd,
J=9.0, 2.8 Hz, 1H), 8.10 (d, J=2.8 Hz, 1H), 11.30 (s, 1H)

(2) Synthesis of N-{4-[2-carbamimidoylsulfanyl-
ethyl-(E)-idene]-chroman-6-y1}2,2,2-trifluoroaceta-
mide (Compound 3-5)

A solution of the compound 3-3 (150 mg) 1n tetrahydrofu-

ran (10.0 ml) was cooled to -78° C., and vinylmagnesium
chloride (1.6 M solution in tetrahydrofuran; 1.09 ml) was
added dropwise. The mixture was stirred at the same tempera-
ture for one hour and then stirred at room temperature for five
hours. After confirming disappearance of the raw material, an
ammonium chloride solution was added to the reaction mix-
ture to terminate the reaction. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crude product 3-4 (178 mg) was used
for the next reaction without further purification.

Thiourea (66 mg) was added to a solution of the compound
3-4 (178 mg) 1n acetic acid (2.0 ml). The mixture was stirred
at 50° C. for five hours and then stirred at room temperature
overnight. The solvent was evaporated under reduced pres-
sure, and then ethyl acetate was added to the residual oil,
tollowed by neutralization with aqueous sodium bicarbonate.
The aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with aqueous sodium bicarbonate
and brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. Ethyl acetate and diethyl ether were added to the
residue. The generated pale yellow solid was collected by a
Kirtyama funnel and washed with a mixed solvent of ethyl

acetate and diethyl ether. The resulting solid was dried to
obtain the title compound (26 mg).

"HNMR (400 MHz, DMSO-d,) (ppm): 2.74 (m, 2H), 4.11
(d, J=7.7 Hz, 2H), 4.18 (m, 2H), 6.07 (t, J=7.7 Hz, 1H), 6.89
(d,J=8.8 Hz, 1H),7.45(dd, J=2.4,8.8 Hz, 1H), 7.92 (d, J=2 .4
Hz, 1H)

(3) Synthesis of Compound 2

Trifluoromethanesulfonic acid (0.0459 ml) was added to a
solution of the compound (3-35) (25.0 mg) m trifluoroacetic
acid (0.459 ml) 1n an ice bath. The mixture was stirred at the
same temperature for 1.5 hours and then stirred at room
temperature for 1.5 hours. After confirming disappearance of
the raw material, the reaction mixture was neutralized by
adding 1t to aqueous sodium bicarbonate cooled in an 1ce bath.
The aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with brine. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure. The resulting crude prod-
uct was crystallized from a methylene chloride solution to

obtain the title compound (6.6 mg).
1H NMR (400 MHz, CDCL;) (ppm): 2.07-2.14 (m, 1H),

2.26 (ddd, J=3.9, 7.9, 14.4 Hz, 1H), 2.42-2.53 (m, 2H), 3.14-




US 8,501,733 B2

31
3.29 (m, 2H), 4.23-4.32 (m, 1H), 4.34-4.46 (m, 1H), 6.87 (d,
J=8.9 Hz, 1H), 7.35 (d, J=2.6 Hz, 1H), 7.53 (dd, J=8.9, 2.6 Hz,
1H).

Preparation Example 4

Synthesis of 8-tfluoro-2,3,5",6'-tetrahydrospiro
[chromene-4,4'-[ 1,3 ]thiazin]-2'-amine (compound 3)

|Formula 11]

OH
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(1) Synthesis of ethyl
(8-fluorochroman-4-ylidene)acetate (Compound 4-2)

A solution of N-butyllithium in hexane (1.6 N, 1.88 ml)
was added to a solution of dicyclohexylamine (545.7 mg) in
tetrahydrofuran (13.0 ml), cooled to -78° C. 1n a dry ice-
acetone bath. After stirring at the same temperature for 10
minutes, a solution of ethyl(trimethylsilyl)acetate (482.3 mg)
in tetrahydrofuran (2.5 ml) was added. After stirring at —78°
C. for 10 minutes, a solution of the compound 4-1 (250.0 mg)
in tetrahydrofuran (2.5 ml) was added. The mixture was
stirred at =78° C. for one hour, and then returned to room
temperature and further stirred for three hours. After confirm-
ing disappearance of the raw material, the reaction mixture
was added to brine. The aqueous layer was extracted with
cthyl acetate. The organic layer was dried over anhydrous
sodium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crude product was purified by silica
gel column chromatography to obtain the title compound

(162 mg).

"HNMR (400 MHz, CDCL,) (ppm): 1.29 (t, J=7.1 Hz, 3H),
2.67(td, J=1.3,5.9Hz,2H),4.22 (q,J=7.1 Hz, 2H), 4.44-4 49
(m, 2H), 5.76 (s, 1H), 6.78 (td, J=5.1, 8.1 Hz, 1H), 7.06 (ddd,
J=1.5,8.1, 10.9 Hz, 1H), 7.57 (dt, J=1.5, 8.1 Hz, 1H).

(2) Synthesis of (8-fluorochroman-4-ylidene)ethanol
(Compound 4-3)

A solution of the compound 4-2 (162 mg) in diethyl ether
(4.0 ml) was added dropwise over two minutes to a solution of
lithium aluminium hydride (52.1 mg) in diethyl ether (8.0
ml), cooled in an ice bath 1n a nitrogen atmosphere. After
stirring at the same temperature for two hours, ethyl acetate
was slowly added to the reaction mixture. Then, water was
added and the mixture was stirred for one hour. The aqueous
layer was extracted with ethyl acetate, and the organic layer
was sequentially washed with aqueous sodium bicarbonate
and brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crude product was used for the next
reaction without purification.

1H NMR (400 MHz, CDCl;) (ppm): 2.61-2.65 (m, 2H),
4.43 (brt, J=5.2 Hz, 2H), 4.52 (d, J=6.4 Hz, 2H), 5.65 (1, ]=6 .4
Hz, 1H), 6.78-6.85 (i, 1H), 6.94 (brd, J=7.6 Hz, 1H), 7.02
(brt, J=9.5 Hz, 1H).

(3) Synthesis of Compound 3

Thiourea (7.7 mg) was added to a solution of the compound
4-3 (19.6 mg) 1n 48% hydrogen bromide (2.0 ml) at room
temperature, and the mixture was stirred at 50° C. for two
hours. After confirming disappearance of the raw material,
the reaction mixture was neutralized by adding 1t to aqueous
sodium bicarbonate cooled 1n an 1ce bath. The aqueous layer
was extracted with ethyl acetate, and the organic layer was
washed with brine. The organic layer was dried over anhy-
drous sodium sulfate, and the solvent was evaporated under
reduced pressure. The resulting residue was dissolved 1n tri-
fluoroacetic acid (0.49 ml), and then trifluoromethane-
sulfonic acid (0.1 ml) was added thereto 1n an ice bath. The
mixture was stirred at the same temperature for 1.5 hours and
then stirred at room temperature for 1.5 hours. After confirm-
ing disappearance of the raw material, the reaction mixture
was neutralized by adding 1t to aqueous sodium bicarbonate
cooled 1n an 1ce bath. The aqueous layer was extracted with
cthyl acetate, and the organic layer was washed with brine.
The organic layer was dried over anhydrous sodium sulfate,
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and the solvent was evaporated under reduced pressure. The
residue was purified by NH-silica gel column chromatogra-
phy to obtain the title compound (58.5 mg).

1H NMR (400 MHz, CDCL,) (ppm): 1.93-2.01 (m, 2H),
2.05-2.14 (m, 1H), 2.28 (ddd, J=4.2, 10.5, 14.2 Hz, 1H),
3.02-3.09 (m, 1H), 3.09-3.17 (m, 1H), 432 (td, J=2.9, 11.0
Hz, 1H), 4.45 (td, I=4.5, 11.0 Hz, 1H), 6.79-6.86 (m, 1H),
6.92-6.99 (m, 2H).

Preparation Example 5

Synthesis of N-{4-[7-fluorochroman-(4E)-ylidene]
ethyl}isothiourea (Compound 5-3)

[Formula 12]

b 12
/]\‘ == ‘
AN N\
— C] —
N N\
HO/
(5-2)
(5-1)
F
~ ]
N Yd
k/\
S/
H,N NH
(5-3)

(1) Synthesis of 4-chloro-7-tluoro-4-vinylchroman
(Compound 5-2)

Triethylamine (0.19 ml) was added to a solution of the
compound 5-1 synthesized from 7-fluorochroman-4-one
according to Example 4 (200 mg) 1n tetrahydrofuran (3.0 ml),
cooled 1n an 1ce bath. A solution of methanesulfonyl chloride
(177 mg) 1n tetrahydrofuran (2.0 ml) was added dropwise at
the same temperature, followed by stirring for 1.5 hours.
After confirming disappearance of the raw material, the reac-
tion mixture was added to aqueous sodium bicarbonate to
terminate the reaction. The aqueous layer was extracted with
cthyl acetate. The aqueous layer was further extracted with
cthyl acetate, and the combined organic layers were dried
over anhydrous magnesium sulfate. The solvent was evapo-
rated under reduced pressure to obtain the title compound
(214 mg), which was used for the next reaction as a crude
product.

5

10

15

20

25

30

35

40

45

50

55

60

65

34
(2) Synthesis of 2-42-[7-fluorochroman-(4E)-
ylidene]ethyl}-isothiourea (Compound 5-3)

(2-1)The compound 3-2 (214 mg) was dissolved 1n ethanol
(6.0 ml). Thiourea (153 mg) was added and the mixture was
heated under reflux for 10 hours. After confirming disappear-
ance of the raw material, the solvent was evaporated under
reduced pressure. The residue was purified by LCMS to
obtain the title compound (33 mg).

'H-NMR (400 MHz, CDCL,) (ppm): 2.74 (m, 2H), 4.05 (d,
1=7.9 Hz, 2H), 4.20 (t, I=5.8 Hz, 2H), 6.13 (t, J=7.9 Hz, 1H),
6.72 (dd, J=2.7, 10.3 Hz, 1H), 6.78 (ddd, ]=2.7, 8.6, 9.0 Hz,
1H), 7.67 (dd, 1=6.7, 8.9 Hz, 1H).

(2-2) The compound 5-3 can also be synthesized by the fol-
lowing alternative method.

|Formula 13]

F
7
0 X
X

FzC(O)CO
(5-1) (5-4)
3 F
/ A
O 0O R
|
j\ N
H,N NH HEN)\S
(5-3) (5-5)

(2) Synthesis of 2-(7-fluorochroman-4-ylidene)ethyl
2,2,2-trifluoroacetate (Compound 5-4)

Triethylamine (1.15 ml) was added to a solution of the
compound 5-1 (1.0 g)1n tetrahydroturan (20 ml), cooled 1n an
ice bath. A solution of trifluoroacetic anhydride (1.62 g) 1n
tetrahydrofuran (2.5 ml) was added dropwise, and the mix-
ture was stirred at the same temperature for one hour. After
confirming disappearance of the raw maternal, the reaction
mixture was added to aqueous sodium bicarbonate to termi-
nate the reaction. The aqueous layer was extracted with ethyl
acetate. The aqueous layer was further extracted with ethyl
acetate, and the combined organic layers were dried over
anhydrous magnestum sulfate. The solvent was evaporated
under reduced pressure to obtain the title compound (1.42 g),
which was used for the next reaction without purification.
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"H-NMR (400 MHz, CDCL,) (ppm): 2.64 (m, 2H), 4.36 Example 1
(m, 2H), 5.15 (d, J=7.1 Hz, 2H), 5.55 (t, J=7.1 Hz, 1H), 5.60 | |
(dd, =2, 7, 10.1 Hz, 1H), 6.66 (ddd, J=2.6, 8.3, 8.7 Hz, 1H), Synthesis of (+)-N-[2"-amino-2,3,5',6'-tetrahy-
7.08 (dd, 1=6.4, 8.7 Hz, 1H) drospiro[chromene-4,4'-[ 1,3]thiazin]-6-y1]-5-chloro-

' ’ A ’ ' 5 pyridine-2-carboxamide (Compound 8)
(4) Synthesis of Compound 5-3
|Formula 14]

The compound 5-4 (1.41 g) was dissolved 1n ethanol (20 /S NH,
ml). Thiourea (0.92 g) was added and the mixture was heated 10 Y
under retlux for one hour. After confirming disappearance of

N
the raw material, the solvent was evaporated under reduced /\>< —
pressure. The residue was purified by LCMS to obtain the ‘
P

compound 3-3 as a mixture with the compound 3-5 (9:1)

(0.96 9). 15 N N7

'H-NMR (400 MHz, CDCL,) (ppm): 2.74 (m, 2H), 4.05 (d,
1=7.9 Hz, 2H), 4.20 (t, J=5.8 Hz, 2H), 6.13 (t, ]=7.9 Hz, 1H),

O
6.72 (dd, J=2.7, 10.3 Hz, 1H), 6.78 (ddd, J=2."7, 8.6, 9.0 Hz, Y
1H), 7.67 (dd, J=6.7, 8.9 Hz, 1H). 20 S NI
The compounds described 1n Table 2 were synthesized by -~
the same method as described 1n Preparation Examples 2 to 4. ‘
The structural formulas and 1H-NMR data are shown in Table O-N ><N
2. : \‘/\
25
TABLE 2 N N
Compound Structural (6-1)
No. formula 1H-NMR (400MHz) * (ppm) S NH
4 B 2.07-2.16 (m, 1 H), 2.17-2-25 - -~ 2
r .07-2.16 (m, , 2.17-2-
N (m, 1 H), 2.43-2.52 (m, 1 H), ‘N
‘ 2.64-2.74 (m, 1 H), 3.09- ON :
3.17 (m, 1 H), 3.26-3.36 z
o/ A \F (m, 1 H),4.34 (ddd, T = 2.9, ‘ N
N NH, 8.3, 11.7 Hz, 1H), 4.47 25
S (ddd, T=3.3,7.2,11.7 Hz. N
1H), 6.63 (dd, ] = 8.8, O
S 11.0Hz, 1H) 7.47 (dd, ] =
~ 5? B.B)Hz, 11({) | (6-2)
5 F 1.83-1.89 (m, 1 H), 1.91- ~1l
X 2.02 (m, 2H),2.16 (ddd, 4
‘ T=14.1,10.3,4.2 Hz, 0 0
1 H), 2.95-3.02 (m, 1 H),
O/ A 3.04-3.12 (m, 1 H),

N NH, 4.11-4.18 (m, 1 H),
v X 4.22-4.28 (m, 1 H), P NH .
6.67-6.71 (m, 1 H), 45 ‘
~ S 6.74-6.82 (m, 2 H). N
F

2.21 (m, 2H), 2.63 (m,
2H), 3.20 (dt, J = 4.7,

134Hz, 1H),3.33-344 F e
(m, 1H), 4.20-4.36 O
(m, 2H), 6.76 (dd, T =

X 2.7,10.6 Hz, 1H), 6.86 (6-3)

(ddd, T = 2.7, 8.6, 8.8 Hz,
N NH, 1H), 7.41 (dd, T = 7.6,
Y 2.8 Hz, 1H). o

7 F 2.16 (m, 3H), 2.61 (tt, ] = 3.3, S NH
14.9 Hz, 1H), 3.20 (tt, ] = Y .
7.9, 13.4 Hz, 1H), 3.44 60
AN (t, T = 12.9 Hz, 1H), 4.24 N
O F (m, 2H), 6.79 (d, J = 8.4 Hz, H,N N
N\ NH>  1H), 6.85 (ddd, T = 1.0, 8.3,
Y 11.5 Hz, 1H), 7.33 (m, 1H). ‘
~

N 65 O

(6-4)
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-continued
Cl\ /\N
‘ S NH,
\ 0 \‘(
N
HN\ ‘/\
\/\O
8

(1-1) 6-Nitro-2,3,5",6'-tetrahydrospiro[chromene-4,
4'.-[1,3]thiazin]-2'-amine (Compound 6-2)

Fuming nitric acid (specific gravity: 1.53, 49.5 ul) was
added dropwise to a solution of the compound 1 (280 mg) 1n
acetic anhydride (10.0 ml) in an ice bath. The reaction solu-
tion was stirred at the same temperature for one hour, and then
warmed to room temperature and stirred for three hours.
Acetic anhydride (10.0 ml) was added to the reaction solu-
tion, followed by adding fuming nitric acid (specific gravity:
1.53,400 ul). After confirming completion of the reaction, the
reaction solution was diluted with ether and aqueous sodium
bicarbonate was added, followed by stirring for one hour. The
aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with aqueous sodium bicarbonate
and brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chro-
matography to obtain the compound 6-1 as a mixture with a
8-nitro compound (360 mg).

Ethanol (10.0 ml) and concentrated sulfuric acid (330 ul)
were added to the resulting nitro compound mixture (330
mg), and the mixture was heated under reflux for eight hours.
After confirming completion of the reaction, the reaction
mixture was cooled to room temperature. The reaction mix-
ture was neutralized with aqueous sodium bicarbonate, fol-
lowed by extraction with ethyl acetate. The organic layer was
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified
by NH-silica gel column chromatography to obtain the title
compound (82.0 mg).

"H-NMR (400 MHz, CDCL,) § (ppm): 2.02 (m, 3H), 2.22
(m, 1H), 3.05 (m, 1H), 3.15 (m, 1H), 4.32 (m, 1H), 4.45 (m,
1H), 6.89 (d, J=9.0 Hz, 1H), 8.03 (d, J=9.0 Hz, 1H), 8.13 (s,
1H).

(1-2) The compound 6-1 can also be synthesized by the fol-
lowing alternative method.

Acetic anhydride (0.886 ml) was added to a solution of the
compound 1 (1.1 g) 1in pyridine (6 ml) at room temperature,
and the mixture was stirred at room temperature for 12 hours.
The reaction solution was poured into 1ce-aqueous sodium
bicarbonate, followed by extraction with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate. The
drying agent was removed by filtration and the filtrate was
concentrated under reduced pressure. The resulting crude
product was purified by NH-silica gel column chromatogra-
phy to obtain an N-acetyl compound of the compound 1
(N-(2,3,5',6'-tetrahydrospiro[chromene-4,4'-[ 1,3 ]thiazin]-2'-
ylacetamide) (1.1 g).

Nitric acid (specific gravity: 1.42, 1.0 ml) was added to a
solution of the N-acetyl compound obtained as described
above (1.3 g) 1n acetic acid (0.2 ml) at room temperature. The
mixture was stirred at 50° C. for 30 minutes. Nitric acid (3.0
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ml) was added to the solution at 50° C., and the mixture was
stirred at 50° C. for 30 minutes. Nitric acid (2.0 ml) was
further added at 50° C. and the mixture was stirred at 50° C.
for 30 minutes. The reaction solution was slowly added to
ice-aqueous sodium bicarbonate, followed by extraction with
cthyl acetate. The extract was dried over anhydrous magne-
sium sulfate. The drying agent was removed by filtration and
the filtrate was concentrated under reduced pressure. The
crude product was purified by NH-silica gel column chroma-
tography to obtain the compound 6-1 (0.93 g) as a mixture
with a 8-nitro compound.

"H-NMR (CDC,) &: 2.00-2.40 (m, 4H), 2.03 (s, 3H, 8-iso-
mer), 2.06 (s, 3H, 6-1somer), 2.95-3.10 (m, 2H), 4.13-4.60
(m, 2H), 6.90-6.95 (m, 1H, 6-1somer), 6.99 (t, J=8.0 Hz, 1H,
8-1somer), 7.36 (dd, J=1.6, 8.0 Hz, 1H, 8-1somer), 7.74 (dd,
J=1.6, 8.0 Hz, 1H, 8-1somer), 8.03-8.10 (m, 2H, 6-1somer).

(2) t-Butyl (6-nitro-2,3,5',6'-tetrahydrospiro
[chromene-4,4'-[1,3]thiazin]-2'-yl)carbamate (Com-
pound 6-3)

The compound 6-2 (82.0 mg) was dissolved 1n tetrahydro-
turan (5.00 ml), and triethylamine (631 ul) was added. Then,
di-t-butyl dicarbonate (192 mg) was added to the reaction
solution, and the mixture was stirred at room temperature for
four days. After confirming completion of the reaction, the
reaction solution was evaporated under reduced pressure. The
residue was purified by NH-silica gel column chromatogra-
phy to obtain the title compound (110 mg).

'H-NMR (400 MHz, CDC1,) 8 (ppm): 1.48 (s, 9H), 2.00-
2.30 (m, 4H), 3.02 (m, 1H), 3.14 (m, 1H), 4.39 (m, 2H), 6.93
(d, J=9.2 Hz, 1H), 8.08 (dd, J=2.8, 9.2 Hz, 1H), 8.14 (m, 1H).

(3-1) t-Butyl (x)-(6-amino-2,3,5",6'-tetrahydrospiro
[chromene-4,4'-[1,3]thiazin]-2'-yl)carbamate (Com-
pound 6-4)

The compound 6-3 (110 mg) was dissolved 1n ethanol
(20.0 ml), and a solution of sodium dithionite (253 mg) 1n
water was added dropwise at room temperature. A solution of
sodium dithionite (253 mg) 1n water was further added to the
reaction solution, and the mixture was stirred at room tem-
perature. N,N-dimethylformamide (20.0 ml) was further
added. After confirming completion of the reaction, the
excess of ethanol was evaporated under reduced pressure.
Water was added to the residue, and the aqueous layer was
extracted with ethyl acetate. The organic layer was washed
with water and brine and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure
and the residue was purified by NH-silica gel column chro-
matography to obtain the title compound (10.0 mg).

"H-NMR (400 MHz, CDCL,) d (ppm): 1.46 (s, 9H), 2.05
(m, 1H), 2.15 (ddd, J=4.0, 6.4, 14.0 Hz, 1H), 2.26 (m, 1H),
2.38 (ddd, J=4.0, 10.0, 14.0 Hz, 1H), 3.10 (mm, 2H), 4.20 (m,
2H), 6.59 (m, 2H), 6.68 (m, 1H).

(3-2) The compound 6-4 can also be synthesized by the fol-
lowing alternative method.

Iron (1.05 g) was added to a solution of the compound 6-3
(510 mg) 1n ethanol (18 ml)-aqueous ammonium chloride
(1.8 ml), and the mixture was heated with stirring at 87° C. for
0.5 hour. The reaction solution was returned to room tempera-
ture and poured into ethyl acetate, and the msoluble matter
was removed by filtration. The filtrate was concentrated under
reduced pressure. Water was added to the residue, followed
by extraction with ethyl acetate. The extract was washed with
brine and dried over anhydrous magnesium sulfate. The dry-
ing agent was removed by filtration and the filtrate was con-
centrated under reduced pressure to obtain the title compound

(0.40 g).
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'H-NMR (400 MHz, CDCL,) & (ppm): 1.46 (s, 9H), 2.05
(m, 1H), 2.15 (ddd, J=4.0, 6.4, 14.0 Hz, 1H), 2.26 (m, 1H).
2.38 (ddd, 1=4.0, 10.0, 14.0 Hz, 1H), 3.10 (m, 2H), 4.20 (m,
2H), 6.59 (m, 2H), 6.68 (m, 1H).

(4) Synthesis of Compound 8

Toluene (3.00 ml) was added to 5-chloropyridine-2-car-
boxylic acid (5.86 mg) to form a suspension. After adding one
drop of N,N-dimethylformamide, thionyl chloride (1.00 ml)
was added. The reaction mixture was heated to 120° C. stirred
at the same temperature for one hour. After cooling to room
temperature, the solvent was evaporated under reduced pres-
sure to obtain S-chloropyridine-2-carboxylic acid chlonde.
The resulting acid chloride was suspended in tetrahydrofuran
(1.00 ml), and the suspension was added dropwise to a solu-
tion of the compound 6-4 (10.0 mg) 1n tetrahydrofuran (2.00
ml) in an 1ce bath. After adding pyridine (11.3 ul) dropwise at
the same temperature, the mixture was warmed to room tem-
perature and stirred for 30 minutes. After confirming comple-
tion of the reaction, aqueous sodium bicarbonate was added
to terminate the reaction. The aqueous layer was extracted
with ethyl acetate, and the organic layer was washed with
brine. The organic layer was dried over anhydrous magne-
sium sulfate, and the solvent was evaporated under reduced
pressure. The resulting residue was dissolved 1 dichlo-
romethane (2.00 ml). Trifluoroacetic acid (0.40 ml) was
added and the mixture was stirred at room temperature for
three hours. After confirming completion of the reaction, the
reaction mixture was diluted with diethyl ether. Aqueous
sodium bicarbonate was added to terminate the reaction. The
aqueous layer was extracted with ethyl acetate, and the
organic layer was dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure and the
residue was purified by NH-silica gel column chromatogra-
phy to obtain the title compound (7.8 mg).

'H-NMR (400 MHz, CDCL,) & (ppm): 1.95 (ddd, J=2.8,
5.2,14.0 Hz, 1H), 2.02 (ddd, J=4.4, 6.2, 14.0 Hz, 1H), 2.11
(ddd, J=4.4, 9.6, 14.0 Hz, 1H), 2.24 (ddd, J=4.0, 10.0, 14.0
Hz, 1H), 3.08-3.20 (m, 2H), 4.24 (dt, 1=2.8, 11.2 Hz, 1H),
4.34 (dt, J=4.8, 10.8 Hz, 1H), 6.85 (d, J=8.8 Hz, 1H), 7.50 (d,
J=2.4 Hz, 1H), 7.57 (dd, J=2.4, 8.8 Hz, 1H), 7.86 (dd, J=2.0,
3.4 Hz, 1H), 8.24 (dd, J=0.8, 8.4 Hz, 1H), 8.55 (dd, ]=0.8, 2.0
Hz, 1H), 9.70 (s, 1H).

Example 2

Synthesis of (-=)}—N-[2'-amino-2,3,5',6'-tetrahy-
drospiro[chromene-4,4'-[ 1,3 [thiazin]-6-y1]-5-chloro-
pyridine-2-carboxamide (Compound 9)

[Formula 15]

Cl\/\
\N
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-continued
S NH,
Cl\ AN\ \‘(
‘ - NH
N
YYD
O
PN

ol(-)-1]

The compound 8 (6 mg) was separated by CHIRALPAK™
OD-H manufactured by Daicel Chemical Industries, Ltd. (2
cmx25 cm, mobile phase: hexane:ethanol=8:2, flow rate: 20
ml/min). The component having a retention time of 22.5 to
25.0 minutes was collected and then purified by NH-s1lica gel
column chromatography to obtain the title compound (2.0
mg; >991; ee).

ESI-MS; m/z 389 [M™+H].

'"H-NMR (400 MHz, CDCL,) & (ppm): 1.95 (ddd, J=2.8,
5.2,14.0 Hz, 1H), 2.02 (ddd, J=4.4, 6.2, 14.0 Hz, 1H), 2.11
(ddd, J=4.4, 9.6, 14.0 Hz, 1H), 2.24 (ddd, J=4.0, 10.0, 14.0
Hz, 1H), 3.08-3.20 (m, 2H), 4.24 (dt, J=2.8, 11.2 Hz, 1H),
4.34 (dt, I=4.8, 10.8 Hz, 1H), 6.85 (d, J=8.8 Hz, 1H), 7.50 (d,
I=2.4 Hz, 1H), 7.57 (dd, J=2.4, 8.8 Hz, 1H), 7.86 (dd, J=2.0,
8.4 Hz, 1H), 8.24 (dd, J=0.8, 8.4 Hz, 1H), 8.55 (dd, J=0.8, 2.0
Hz, 1H), 9.70 (s, 1H).

Example 3

Synthesis of t-Butyl (-)-(6-amino-2,3,5',6'-tetrahy-
drospiro| chromene-4,4'-[1,3]thiazin]-2'-y])carbamate
(Compound 10)

91
Y

|Formula 16]

- S \‘( NH R
N
H>N
Z N,
racemate (6-4)
O O
S NH
g ‘
N
H>N
O

chiral 10[(-)-(6-4)]
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The compound 6-4 obtained 1n Example 1-(3) (0.57 g) was
separated by CHIRALPAK™ OJ-H manufactured by Daicel
Chemical Industries, Ltd. (2 cmx25 cm, mobile phase: hex-
ane:ethanol=6:4, flow rate: 10 ml/min). The component hav-
ing a retention time of 28 to 34 minutes was collected to
obtain the title compound (0.22 g, 97% ee).

Example 4

Synthesis of (-)—N-(2'-amino-2,3,5',6'-tetrahy-
drospiro[chromene-4,4'-[ 1,3]thiazin]-6-yl)-5-cyan-
opyridine-2-carboxamide (Compound 11)

|Formula 17]

(9-1)

CN

)

/O\[( \N/ —
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CN
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-continued oN
=
. \
Y
O
OK//\
N\ S
chiral HNYO
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(9-4)
CN
=
Nl AN\
Y T
N F O

chiral

1)
h

NH,

11

(1) Synthesis of methyl
S-cyanopyridine-2-carboxylate (Compound 9-2)

A mixture of the compound 9-1 (2.8 g) and copper cyanide
(3.6 g) 1n NMP (30 ml) was heated with stirring at 170° C. for
1.5 hours. Water was added to the reaction solution at room
temperature, and the insoluble matter was removed by filtra-
tion. The filtrate was extracted with ethyl acetate. The extract
was washed with brine and then dried over anhydrous mag-
nesium sulfate. The drying agent was removed by filtration
and the filtrate was concentrated under reduced pressure. The
resulting crude product was purified by silica gel column
chromatography to obtain the title compound (920 mg).

'H-NMR (400 MHz, CDCL,) 8 (ppm): 4.06 (s, 3H), 8.16
(dd,J=2.0,8.0Hz, 1H), 8.27 (d, J=8.0 Hz, 1H), 9.01 (d, J=2.0
Hz, 1H).

(2) Synthesis of 5-cyanopyridine-2-carboxylic acid
(Compound 9-3)

A solution of the compound 9-2 (920 mg) and a 5 N sodium
hydroxide solution (2.26 ml) 1n ethanol (30 ml) was stirred at
room temperature for 10 minutes. 5 N hydrochloric acid (5.2
ml) was added to the reaction solution at room temperature,
followed by extraction with ethyl acetate. The extract was
dried over anhydrous magnesium sulfate. The drying agent
was removed by filtration and the filtrate was concentrated
under reduced pressure to obtain the title compound (800
mg).

'H-NMR (400 MHz, DMSQOd,) 8 (ppm): 8.18 (d, J=8.0 Hz,
1H), 8.51 (dd, J=2.0, 8.0 Hz, 1H), 9.12-9.18 (m, 1H).




US 8,501,733 B2

43
(3) Synthesis of tert-butyl {6-[(5-cyanopyridine-2-
carbonyl)amino]-2,3,5',6'-tetrahydrospiro[ chromene-
4,4'-[1,3]thiazin]-2'-yl}carbamate (Compound 9-4)

PyBOP (74.5 mg) was added to a solution of the compound
10 obtained 1n Example 3 (25.0 mg), N,N-diisopropylethy-
lamine (0.0624 ml) and 3-cyanopyridine-2-carboxylic acid
(Compound 9-3) (16.9 mg) 1n dichloromethane (5.0 ml) at

room temperature. The mixture was stirred at room tempera-

-

ture for one hour. The reaction solution was poured into
aqueous sodium bicarbonate, followed by extraction with
cthyl acetate. The extract was washed with brine and dried

The dryving agent was

over anhydrous magnesium sulfate.
removed by filtration and the filtrate was concentrated under
reduced pressure. The crude product was purified by silica gel
column chromatography to obtain the title compound (35

mg).
ESI-MS; m/z 480 [M™+H].

(4) Synthesis of Compound 11

Trifluoroacetic acid (1.0 ml) was added to a solution of the
compound 9-4 (35 mg) 1n dichloromethane (3.0 ml), and the
reaction solution was stirred at room temperature for 1.5

hours. The reaction solution was poured 1into aqueous sodium
bicarbonate, followed by extraction with ethyl acetate. The
extract was washed with brine and drnied over anhydrous
magnesium sulfate. The drying agent was removed by filtra-
tion and the filtrate was concentrated under reduced pressure.

The crude product was purified by NH-silica gel column
ESI-

chromatography to obtain the title compound (26.1 mg).
MS; m/z 380 [M™+H].

'H-NMR (400 MHz, CDCL,) § (ppm): 1.90-2.15 (m, 3H),
2.24 (ddd, J=4.0, 10.4, 14.0 Hz, 1H), 3.05-3.2 (m, 2H), 4.25
(dt, J=3.2,10.8 Hz, 1H), 4.35 (dt, J=4.8, 10.8 Hz, 1H), 6.86 (d,
J=8.8 Hz, 1H), 7.50 (d, J=2.8 Hz, 1H), 7.58 (dd, J=2.8, 8.8 Hz,
1H), 8.19 (dd, J=2.0, 8.0 Hz, 1H), 8.42 (d, ]=8.0 Hz, 1H), 8.88
(d, J=2.0 Hz, 1H), 9.74 (s, 1H).

Example 5

Synthesis of N-(2'-amino-2,3,5",6'-tetrahydrospiro
[chromene-4,4'-[ 1,3 ]thiazin]-6-yl)-5-trifluorometh-
ylpyridine-2-carboxamide (Compound 12)

|Formula 18]
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chiral

(1) Synthesis of tert-butyl {6-[(5-trifluoromethylpy-
ridine-2-carbonyl)amino]-2,3,5',6'-tetrahydrospiro
[chromene-4,4'-[1,3]thiazin]-2'-yl }carbamate (Com-
pound 10-1)

PyBOP (59.6 mg) was added to a solution of the compound
10 (20.0 mg), N,N-diisopropylethylamine (0.0499 ml) and
S-trifluoromethylpyridine-2-carboxylic acid (13.5 mg) 1n
dichloromethane (3.0 ml) at room temperature. The mixture
was stirred at room temperature for one hour. The reaction
solution was poured 1nto aqueous sodium bicarbonate, fol-
lowed by extraction with ethyl acetate. The extract was
washed with brine and dried over anhydrous magnesium sul-
fate. The drying agent was removed by filtration and the
filtrate was concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography to

obtain the title compound (30 mg).
ESI-MS; m/z 523 [M™+H].

(2) Synthesis of Compound 12

Trifluoroacetic acid (0.857 ml) was added to a solution of
the compound 10-1 (30 mg) in dichloromethane (3.0 ml), and
the reaction solution was stirred at room temperature for 1.5
hours. The reaction solution was poured 1nto aqueous sodium
bicarbonate, followed by extraction with ethyl acetate. The
extract was washed with brine and dried over anhydrous
magnesium sulfate. The drying agent was removed by {filtra-
tion and the filtrate was concentrated under reduced pressure.
The crude product was purified by NH-silica gel column
chromatography to obtain the title compound (13.0 mg).

ESI-MS; m/z 423 [M™+H].

"H-NMR (400 MHz, CDCL,) & (ppm): 1.90-2.16 (m, 3H),
2.24(ddd, J=4.4,10.4,14.0Hz, 1H), 3.06-3.22 (m, 2H), 4.25
(dt,J=2.8,11.2Hz, 1H),4.35(dt,J=4.8,11.2Hz, 1H), 6.86 (d,
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J=8.8Hz,1H), 7.53(d,J=2.4Hz, 1H), 7.58 (dd, J=2.4, 8.8 Hz, The compounds described 1in Table 3 were synthesized 1n
p y
1H), 8.15(dd, J=1.6,8.0Hz, 1H), 8.42 (d, JI=8.0 Hz, 1H), 8.87 the same manner as in Example 5. The structural formulas and
(s, 1H), 9.80 (s, 1H). "H-NMR data are shown in Table 3.
TABLE 3
Compound Structural
No. formula 1H-NMR (400MHz) * (ppm)
13 F F 1.86-2.16 (m, 3H), 2.16-2.28 (m, 1H),
7 3.02-3.22 (m, 2H), 4.16-4.40 (m, 2H),
chiral 6.80-6.88 (m, 1H), 7.37 (ddd, T = 2.4, 8.0,
O A 11.4 Hz, 1H), 7.46-7.56 (m, 2H), 8.34 (d,
N T =1.6 Hz, 1H), 9.47 (s, 1H).
NH
/\‘/
O/\/
N\(NHz
\/ S
14 F 1.88-2.16 (m, 3H), 2.24 (ddd, T = 4.0, 10.4,
Z N 14.0 Hz, 1H), 3.04-3.22 (m, 2H), 4.24 (dt,
‘ chiral J=2.811.2 Hz, 1H),4.34 (dt, ] = 4.4,
O . P 11.2 Hz, 1H), 6.85 (d, ] = 8.8 Hz, 1H), 7.44-7.64
N (m, 3H), 8.32 (dd, ] = 4.8, 8.8 Hz, 1 H), 8.44
(d, T = 2.8 Hz, 1H), 9.67 (s, 1H).
/ /NH
0O N
NYNHz
\/ S
15 y Br 1.94-2.22 (m, 4H), 3.04-3.28 (m, 2H),
N 4.22-4.32 (m, 2H), 6.81 (d, T = 8.8 Hz, 1H),
‘ chiral  7.55(d,7=2.4,8.8 Hz, 1H), 7.65(d,] = 2.4
O N Hz, 1H), 9.10 (s, 2H).
N
NH
/\‘/
o e
K/NYNHE
\/ S
16 Br 1.86-2.16 (m, 3H), 2.24 (ddd, T = 4.0, 10.4,
AN 14.0 Hz, 1H), 3.06-3.22 (m, 2H), 4.24 (dt,
‘ chiral J=2.8,11.2Hz, 1H),4.34 (dt,] =4.4, 11.2 Hz,
O \ P 1H), 6.85 (d, J=8.8 Hz, 1H), 7.50 (d,
N T=2.8Hz, 1H),7.56 (dd, T = 2.8, 8.8 Hz, 1H),
8.02 (dd, T = 2.0, 8.4 Hz, 1H), 8.17 (d,J = 8.4
NH Hz, 1H), 8.65 (d, T = 2.0 Hz, 1H), 9.70 (s,
/\‘/ 1H).
O/\/
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TABLE 3-continued
Compound Structural
No. formula 1H-NMR (400MHz) * (ppm)
17 N OMe 1.88-2.16 (m, 3H), 2.18-2.30 (m, 1H),
/ 3.04-3.22 (m, 2H), 4.06 (s, 3H), 4.18-4.38
‘ chiral  (m, 2H), 6.84 (d, T = 8.8 Hz, 1H), 7.49 (d,
O x J=2.8 Hz, 1H), 7.53 (dd, J = 2.8, 8.8 Hz, 1H),
\[/ N 8.14 (s, 1H), 9.01 (s, 1H), 9.37 (s, 1H).
NH
= ‘
0" N
N NH,
\r
N S
Example 6 20 -continued

Synthesis of 6-(5-methoxypyridin-3-y1)-2,3,5'.6'-
tetrahydrospiro[chromene-4,4'-[1,3|thiazin]-2'-amine

(Compound 21) 75
|Formula 19]
‘/\ 30
O/\/ I
K/N NH,
\r
35
\/ S
1
40
\ Br
o F N 45
\\/ N NH,
Y
\/ S
50
20
55
/\ - Br
‘ O O
o/ NF Y

K/NYNYO "

65

N N O —
v N \]/
\/\S( Ow<
(11-2)
/N\‘
‘ ) N 0
O / ‘
N NH>
v N
T
21

(1) Synthesis of 6-bromo-2,3,5',6'-tetrahydrospiro
[chromene-4,4'-[ 1,3 ]thiazin]-2'-amine (Compound
20)

Bromine (382 mg) was added to a solution of the com-
pound 1 (3560 mg) 1n acetic acid (12.0 ml) at room tempera-
ture, followed by stirring for 30 minutes. After confirming
disappearance of the raw material, the reaction mixture was
neutralized by adding 1t to a 10% sodium hydroxide solution
cooled 1n an ice bath. The aqueous layer was extracted with
cthyl acetate, and the organic layer was washed with brine.
The organic layer was dried over anhydrous magnesium sul-
fate, and the solvent was evaporated under reduced pressure.

The resulting crude product was purified by silica gel column
chromatography to obtain the title compound (380 mg).

1H NMR (400 MHz, CDCL,) (ppm): 1.93 (ddd, J=3.0, 5.0,
14.1 Hz, 1H), 2.00-2.05 (m, 2H), 2.22 (ddd, J=4.1, 10.3, 14.1
Hz, 1H),3.02-3.09 (m, 1H),3.10-3.18 (m, 1H), 4.18-4.25 (m,
1H), 4.33 (ddd, J=4.4, 4.7, 11.3 Hz, 1H), 6.70 (d, J=8.6 Hz.
1H), 7.20-7.24 (m, 1H), 7.25 (d, J=2.4 Hz, 1H).
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(2) Synthesis of di-tert-butyl (6-bromo-2,3,5",6'-tet-
rahydrospiro[chromene-4,4'-[ 1,3 |thiazin]-2'-y1)imi-
dazodicarbonate (Compound 11-1) and tert-butyl
(6-bromo-2,3,5",6'-tetrahydrospiro[chromene-4,4'-[1,
3|thiazin]-2'-yl)carbonate (Compound 11-2)

The compound 20 (139 mg) was dissolved 1n methylene
chlornide (15 ml), and di-t-butyl dicarbonate (387 mg) was
added. Then, N,N-dimethylaminopyridine (217 mg) was
added and the mixture was stirred at room temperature for 3.5
hours. After confirming disappearance of the raw material,
the reaction mixture was added to a saturated ammonium
chloride solution. The aqueous layer was extracted with
methylene chloride, and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure and the residue was purified by silica
gel column chromatography to obtain the compounds 11-1
and 11-2 [(11-1) 144 mg, (11-2) 352.3 mg].

1H NMR (400 MHz, METHANOL-d4) (ppm): 1.59 (s,
18H), 1.87-1.98 (mm, 2H) 2.06-2.17 (m, 2H), 2.37 (td, J=4.0,
14.6 Hz, 1H), 3.21 (td, J=4.2, 12.9 Hz, 1H), 3.45 (dt, J=3.6,
12.9Hz, 1H), 4.28-4.37 (m, lH) 6. 80(d J=8.7 Hz, 1H), 7.28
(d, J=2. 4 Hz, 1H), 7.26 (dd, J=2.4, 8.7 Hz, 1H) ofcompound
11-1.

1H NMR (400 MHz, METHANOL-d4) (ppm): 1.60 (s,
OH), 2.03-2.12 (m, 1H), 2.18-2.29 (m, 1H), 3.16-3.23 (im,
1H),3.36-3.43 (m, 1H), 4.31-4.37 (im, 2H), 6.80 (d, J=8.7 Hz,
1H), 7.26 (d, I=2.4 Hz, 1H), 7.32 (dd, J=2.4, 8.7 Hz, 1H) of
compound 11-2.

(3) Synthesis of Compound 21

3-Methoxy-5-(4,4,3,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine (14.9 mg) was added to a solution of the com-
pound 11-1 (25 mg) in N,N-dimethylformaldehyde (2 ml).
Subsequently, a 1 M sodium bicarbonate solution (0.12 ml)
and palladium-triphenyl phosphine (2.8 mg) were added and
the mixture was stirred 1n a nitrogen atmosphere at 100° C. for
12 hours. After confirming disappearance of the raw material,
water was added to the reaction mixture. The aqueous layer
was extracted with ethyl acetate, and the organic layer was
washed with brine. The organic layer was dried over anhy-
drous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The resulting crude product was
purified by silica gel column chromatography to obtain the
title compound (8.6 mg).

1H NMR (400 MHz, CDCl,) (ppm): 2.11-2.26 (m, 2H),
2.37-2.53 (m, 2H),3.13-3.29 (im, 2H), 3.92 (s, 3H), 4.27-4.36
(m, 1H), 4.40-4.47 (m, 1H), 6.93-6.98 (m, 1H), 7.36-7.44 (m,
3H), 8.23 (br. s., 1H), 8.37 (br. s., 1H).

The compounds described 1n Table 4 were synthesized in

the same manner as in Example 6-(3). The structural formulas
and 'H-NMR data are shown in Table 4.

TABL

(L.

4

1H-NMR
(400MHz) * (ppm)

Structural
formula

Compound
No.

22 Cl

2.04 (ddd, T = 3.0, 5.3,
13.9 Hz, 1 H), 2.09-2.17
(m, 1 H), 2.19-2.27 (m,
1 H), 2.33 (ddd, T = 3.6,
‘ 0.9, 13.9 Hz, 1 H),
3.07-3.15 (m, 1H),
3.18-3.26 (m, 1 H),
4.27 (td, T = 2.8,
10.64 Hz, 1 H),
4.35-4.43 (m, 1H),
6.89-6.92 (m, 1 H),
7.24-7.28 (m, 1 H),
7.31-7.35 (m, 2 H),
7.38 (d, T = 1.8 Hz,
2 H).

Cl

Z

CF
NY NH,

N
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TABLE 4-continued
Compound Structural 1H-NMR
No. formula (400MHz) * (ppm)
23 / 2.27-2.43 (m, 2 H),
N 2.50-2.57 (m, 1 H),
\ 2.57-2.66 (m, 1 H),
‘ N 3.30- 3.33 (m, 1 H),
Y/ 3.51-3.60 (m, 1H),
I 3.95 (s, 3 H), 4.26-4.32
‘ (m, 1 H), 4.33-4.40
(m, 1 H), 6.93 (d, T =
0O Z 8.5 Hz, 1 H), 7.49 (dd,
N NH, T=2.1,85Hz, 1 H),
N 7.54 (d,J=2.1H,1 H),
7.82 (s, 1 H), 7.98
\/S (s, 1 H).

Example 7
Synthesis of 6-(2-fluoropyridin-3-yl)-2,3,5",6'-tet-

rahydrospiro[chromene-4,4'-[1,3|thiazin]-2'-amine
(Compound 24)

|Formula 20]
Br

T
N

N N O
K/\j/\f\K

(11-2)

N
_/

/

\/\
P

VNT

24

2-Fluoropyridine-3-boronic acid (14.9 mg) was added to a
solution of the compound 11-2 (26.3 mg) in N,N-dimethyl-
tformaldehyde (0.95 ml). Subsequently, a 1 M sodium bicar-
bonate solution (0.14 ml) and palladium-triphenyl phosphine
(7.8 mg) were added and the mixture was stirred 1n a nitrogen
atmosphere at 100° C. for 12 hours. After confirming disap-
pearance ol the raw material, water was added to the reaction
mixture. The aqueous layer was extracted with ethyl acetate,
and the organic layer was washed with brine. The organic
layer was dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure. The resulting
crude product was purified by silica gel column chromatog-
raphy to obtain the title compound (13.0 mg).

'"H NMR (400 MHz, CDCL,) (ppm): 2.04-2.18 (m, 2H),
2.29-2.37 (m, 1H), 2.46 (ddd, J=4.0, 10.7, 14.4 Hz, 1H),
3.18-3.24 (m, 2H), 4.31 (dt, J=2.8, 11.4 Hz, 1H), 4.44-4.47
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(m, 1H), 6.95 (d, 1=8.6 Hz, 1H), 7.24-7.26 (m, 1H), 7.36-7.42
(m, 2H), 7.88 (ddd, J=1.7, 7.6, 9.9 Hz, 1H), 8.15 (dt, J=1.7,
4.6 Hz, 1H).

Example 8
Synthesis of 7-fluoro-6-(2-tluoropyridin-3-yl)-2,3,5',

6'-tetrahydrospiro[chromene-4,4'-[ 1,3 |thiazin]-2'-
amine (Compound 26)

|Formula 21]

F
PN
NY NH,

N

6

26

(1) Synthesis of 6-bromo-7-tluoro-2,3,5",6'-tetrahy-
drospiro[chromene-4,4'-[ 1,3 [thiazin]-2'-amine (Com-
pound 235)

Bromine (12.7 mg) was added to a solution of the com-
pound 6 (20 mg) 1n acetic acid (1.0 ml) at room temperature,
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followed by stirring for 30 minutes. After confirming disap-
pearance of the raw material, the reaction mixture was neu-

tralized by adding 1t to aqueous sodium bicarbonate. The
aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with brine. The organic layer was
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The resulting crude prod-
uct 25 (14.4 mg) was used for the next reaction without

turther purification.
1H NMR (400 MHz, CDCI;) (ppm): 1.87-1.99 (m, 2H),

1.99-2.28 (m, 2H), 2.97-3.08 (m, 1H), 3.08-3.17 (m, 1H),
4.16-4.28 (m, 1H), 4.30-4.39 (m, 1H), 6.62 (d, J=9.7 Hz, 1H),
7.29 (d, J=7.8 Hz, 1H).

(2) Synthesis of Compound 26

The compound 25 (14.4 mg) was dissolved in methylene
chloride (3.0 ml), and di-t-butyl dicarbonate (47.5 mg) was
added. Then, N,N-dimethylaminopyridine (26.5 mg) was
added and the mixture was stirred at room temperature for six
hours. After confirming disappearance of the raw material,
the reaction mixture was added to a saturated ammonium
chloride solution. The aqueous layer was extracted with
methylene chloride, and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. The resulting crude product 13-1 (17
mg) was used for the next reaction without further purifica-
tion.

2-Fluoropyridine-3-boronic acid (7.2 mg) was added to a
solution of the crude product 13-1 obtained in the above
reaction (17 mg) in N,N-dimethyliformaldehyde (0.5 ml).
Subsequently, a 1 M sodium bicarbonate solution (0.05 ml)
and palladium-triphenyl phosphine (3.8 mg) were added and
the mixture was stirred 1n a nitrogen atmosphere at 100° C.
overnight. After confirming disappearance of the raw mate-
rial, water was added to the reaction mixture. The aqueous
layer was extracted with ethyl acetate, and the organic layer
was washed with brine. The organic layer was dried over
anhydrous magnesium sulfate, and the solvent was evapo-
rated under reduced pressure. The resulting crude product
was purified by silica gel column chromatography to obtain
the title compound (1.7 mg).

1H NMR (400 MHz, CDCl;) (ppm): 2.00-2.18 (m, 2H),
2.26-2.51 (m, 2H), 3.14-3.25 (m, 2H), 4.27-4.36 (m, 1H),
4.42-4.48 (m, 1H), 6.70(d,J=11.1 Hz, 1H),7.22 (d, J=9.1 Hz,
1H), 7.25-7.34 (m, 1H), 7.86-7.92 (m, 1H), 8.21 (brd, J=4.9
Hz, 1H).

Example 9

Synthesis of 6-[(2-aminopyridin-3-yl)ethynyl]-2,3,5',
6'-tetrahydrospiro[chromene-4,4'-[ 1,3 [thiazin]-2'-
amine (Compound 27)

|Formula 22]

Q

/ ‘
. N
. . N / Y .
Ny NH,
NH, e ‘

(14-1) 4
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-continued

(14-3)

®
7

N\‘/ NH,

(1) Synthesis of
3-[(trimethylsilyl)ethynyl]pyridin-2-amine
(Compound 14-2)

The compound 14-1 (200 mg) was dissolved 1n a mixed
solvent of tetrahydrofuran (1.2 ml) and triethylamine (7 ml).
Ethynyl(trimethyl)silane (227 mg), copper (1) 10dide (8.8 mg)
and dichloropalladium-triphenyl phosphine (32.5 mg) were
added and the mixture was sealed 1n a tube. After stirring the
mixture at 90° C. for 22 hours, the reaction mixture was added
to water to terminate the reaction. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crude product was purified by silica

gel column chromatography to obtain the title compound
(244 mg).

1H NMR (400 MHz, CDCL,) (ppm): 0.26 (s, 9H), 5.08 (br.
s., 2H), 6.62 (br. s., 1H), 7.54 d, J=7.2 Hz, 1H), 8.05 (br. s..
1H).

(2) Synthesis of 3-ethynylpyridin-2-amine
(Compound 14-3)

The compound 14-2 (244 mg) was dissolved 1n methanol
(15.0ml). Potassium carbonate (212.6 mg) was added and the
mixture was stirred at room temperature for two hours. The
reaction mixture was added to water. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure. The resulting crude product was purified by silica
gel column chromatography to obtain the title compound
(93.5 mg).

1H NMR (400 MHz, CDCl,) (ppm): 3.42 (s, 1H), 5.08 (br.
s., 2H), 6.63 (dd, J=5.2, 7.4 Hz, 1H), 7.58 (dd, J=7.4, 1.6 Hz,
1H), 8.08 (br. s., 1H).

(3) Synthesis of Compound 27

The compound 14-3 (30 mg) and the compound 20
obtained 1n Example 11-1 (40 mg) were dissolved 1n a mixed
solvent of tetrahydrofuran (2 ml) and triethylamine (2 ml).
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Copper (1) 1odide (1.2 mg) and dichloropalladium-triph-
enylphosphine (4.5 mg) were added, and the mixture was
sealed 1n a tube and stirred at 90° C. for 22 hours. The reaction
mixture was added to water to terminate the reaction. The
aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with brine. The organic layer was
dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The resulting crude prod-
uct was purified by NH-silica gel column chromatography
and NH-silica gel TLC to obtain the title compound (12.5
mg).

ESI-MS; m/z 351 [M™+H]

1H NMR (400 MHz, CDCl,) (ppm): 1.92-2.12 (m, 3H),
2.25 (ddd, J=4.0, 10.5, 14.2 Hz, 1H), 3.02-3.10 (m, 1H),
3.11-3.20 (m, 1H), 4.26 (1d, J=2.9, 11.2 Hz, 1H), 4.38 (dXt,
I=4.6,11.2 Hz, 1H), 5.05 (br. s., 2H), 6.63 (dd, J=5.0, 7.5 Hz,
1H), 6.81 (d, J=8.4Hz,1H), 7.29 (dd, J=2.0,8.4 Hz, 1H), 7.34
(d, ]I=2.0Hz, 1H),7.57 (dd, J=1.6, 7.5 Hz, 1H), 7.97-8.05 (m,
1H).

Example 10

Synthesis of 2,3,5',6'-tetrahydrospiro[1,3-thiazine-4,
4'-thiochromen]-2-amine (Compound 28)

|[Formula 23]

/

\

(15-1)

B
AN
X NH
S)J\NHZ

(15-3)

A
§ NH>»
K/\/\Sr

28

R
N

(1) Synthesis of (2E)-2-(2,3-dihydro-4H-thio-
chromen-4-ylidene)ethyl carbamimidothioate (Com-
pound 15-3)

Zinc chlonide (46.1 mg) was added to vinylmagnesium
chloride (1.6 M solution 1n tetrahydrofuran; 2.75 ml), and the
mixture was stirred at room temperature for one hour. The
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mixture was cooled to 0° C., and a solution of the compound
15-1 (355 mg) 1n tetrahydrofuran (2.0 ml) was added drop-

wise. The mixture was stirred at the same temperature for five
hours. After confirming disappearance of the raw material, an
ammonium chloride solution was added to the reaction mix-
ture to terminate the reaction. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate, and the solvent was evaporated under reduced
pressure to obtain the crude product (665 mg). The crude
product was dissolved 1n acetic acid (5.0 ml), and then thio-
urea (334 mg) was added. After stirring at room temperature
overnight, the insoluble matter was removed by filtration
through cotton plug and the filtrate was added dropwise to
diethyl ether. The mixture was cooled to 0° C. and stirred. The
solid was removed by a glass filter, and the solvent 1n the
filtrate was evaporated under reduced pressure. Ethyl acetate
was added to the residual o1l, followed by neutralization with
aqueous sodium bicarbonate. The aqueous layer was
extracted with ethyl acetate, and the organic layer was washed
with brine. The organic layer was dried over anhydrous mag-
nesium sulfate. The solid was generated during evaporation
of the solvent under reduced pressure. The concentration was
stopped and a mixed solvent of hexane and diethyl ether was
added. The generated solid was collected by a Kirtyama fun-
nel and washed with diethyl ether. The resulting solid was
dried to obtain the title compound (66.5 mg).

"H NMR (400 MHz, MeOD) (ppm): 2.96-3.01 (m, 2H),
3.05-3.10 (m, 2H), 4.08 (d, J=8.0 Hz, 2H), 6.09 (t, J=8.0 Hz,
1H), 7.07-7.20 (m, 3H), 7.50 (dd, J=1.3, 7.9 Hz, 1H).

(2) Synthesis of Compound 28

The compound 13-3 (50 mg) was dissolved 1n trifluoroace-
tic acid (0.46 ml), and then trifluoromethanesulfonic acid (0.1
ml) was added thereto 1n an 1ce bath. The mixture was stirred
at the same temperature for 0.5 hour and then stirred at room
temperature for 3.0 hours. After confirming disappearance of
the raw material, the reaction mixture was neutralized by
adding 1t to aqueous sodium bicarbonate cooled in an ice bath.
The aqueous layer was extracted with ethyl acetate, and the
organic layer was washed with brine. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified
by NH-silica gel column chromatography and then by silica
gel TLC to obtain the title compound (1.6 mg).

ESI-MS; m/z 251 [M™+H]

1H NMR (400 MHz, CDCIl,) (ppm): 1.87-1.95 (m, 1H),
2.24-2.35 (m, 3H), 2.92-2.98 (m, 2H), 3.07-3.13 (m, 1H),
3.14-3.24 (m, 1H), 7.07-7.12 (m, 1H), 7.13-7.15 (m, 2H),
7.19 (brd, J=1.3 Hz, 1H).

Test Example 1
Quantification of Ap Peptide in Culture of Neurons
from Rat Fetus Brain

(1) Rat Primary Neuronal Culture

Primary neuronal cultures were prepared from the cerebral
cortex of embryonic day 18 Wistar rats (Charles River Japan,
Yokohama, Japan). Specifically, the embryos were asepti-
cally removed from pregnant rats under ether anesthesia. The
brain was 1solated from the embryo and immersed 1 an
ice-cold L-15 medium (such as Invitrogen Corp. Cat #1141 5-
064, Carlsbad, Calif., USA, or SIGMA L1518). The cerebral
cortex was collected from the 1solated brain under a stereo-
scopic microscope. The cerebral cortex fragments collected
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were enzymatically treated 1n an enzyme solution containing,
0.25% trypsin (Invitrogen Corp. Cat #135050-065, Carlsbad,
Calif., USA) and 0.01% DNase (Sigma D5025, St. Louis,
Mo., USA)at37°C. for 30 minutes to disperse the cells. Here,
the enzymatic reaction was stopped by adding inactivated
horse serum to the solution. The enzymatically treated solu-
tion was centrifuged at 1,500 rpm for five minutes to remove
the supernatant. 5 to 10 ml of a medium was added to the
resulting cell mass. Neurobasal medium (Invitrogen Corp.
Cat #21103-049, Carlsbad, Calif., USA) supplemented with
2% B27 supplement (Inwtrogen Corp. Cat #17504-044,
Carlsbad, Calif., USA), 25 uM 2-mercaptoethanol (2-ME,
WAKO Cat #1 39 06861, Osaka, Japan), 0.5 mM L-glutamine
(Invitrogen Corp. Cat #25030-081, Carlsbad, Calif., USA),
and Antibiotics-Antimycotics (Invitrogen Corp. Cat #15240-
062, Carlsbad, Calif., USA) was used as the medium (Neu-
robasal/B2’7/2-ME). However, the above Neurobasal medium
not supplemented with 2-ME (Neurobasal/B27) was used for
the assay. The cells were redispersed by mild pipetting of the
cell mass to which the medium was added. The cell dispersion
was filtered through a 40-um nylon mesh (Cell Strainer, Cat
#35-2340, Becton Dickinson Labware, Franklin Lakes, N.J.,
USA) to remove the remaining cell mass, and thus a neuronal
cell suspension was obtained. The neuronal cell suspension
was diluted with the medium and then plated 1n a volume of
100 ul/well at an initial cell density of 5x10° cells/cm” in a
96-well polystyrene culture plate pre-coated with poly-L or
D-lysine (Falcon Cat #35-3075, Becton Dickinson Labware,
Franklin Lakes, N.J., USA coated with poly-L-lysine using
the method shown below, or BIOCOAT™ cell environments
Poly-D-lysine cell ware 96-well plate, Cat #35-6461, Becton
Dickinson Labware, Franklin Lakes, N.J., USA). Poly-L-
lysine coating was carried out as follows. 100 ng/ml of a
poly-L-lysine (SIGMA P2636, St. Louis, Mo., USA) solution
was aseptically prepared with a 0.15 M borate butler (pH 8.5).
100 ug/well of the solution was added to the 96-well polysty-
rene culture plate and incubated at room temperature for one
or more hours or at 4° C. overnight or longer. Thereafter, the
coated 96-well polystyrene culture plate was washed with
sterile water four or more times, and then dried or rinsed with,
for example, sterile PBS or medium, and used for cell plating.
The plated cells were cultured 1n the incubator at 37° C. 1n 5%
CO,-93% air for one day. Then, the total amount of the
medium was replaced with a fresh Neurobasal/B27/2-ME
medium, and then the cells were cultured for further three
days.
(2) Addition of Compound

The drug was added to the culture plate on Day 4 of culture
as follows. The total amount of the medium was removed
from the wells, and 180 ul/well of Neurobasal medium not
containing 2-MFE and containing 2% B-27 (Neurobasal/B27)
was added thereto. A solution of the test compound 1n dim-
cthyl sulfoxide (hereinafter abbreviated as DMSO) was
diluted with Neurobasal/B27 to a concentration 10-fold
higher than the final concentration. 20 ul/well of the dilution
was added to and suificiently mixed with the medium. The
final DMSO concentration was 1% or less. Only DMSO was
added to the control group.
(3) Sampling

The cells were cultured for three days after addition of the
compound, and the total amount of the medium was collected.
The resulting medium was used as an ELISA sample. The

sample was not diluted for ELISA measurement of APx-42
and diluted to 5-fold with a diluent supplied with an ELISA

kit for ELISA measurement of Apx-40.
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(4) Evaluation of Cell Survival
Cell survival was evaluated by an MT'T assay according to
the following procedure. After collecting the medium, 100

wl/well of a pre-warmed medium was added to the wells.
Further, 8 ul/well of a solution of 8 mg/ml of MTT (SIGMA
M2128, St. Louis, Mo., USA) 1n D-PBS(-) (Dulbecco’s
phosphate buflered Saline, SIGMA D8337/, St. Louis, Mo.,
USA) was added to the wells. The 96-well polystyrene cul-
ture plate was incubated in an incubator at 37° C. 1n 5%
CO,-95% air for 20 minutes. 100 pl/well of an MTT lysis
builer was added thereto, and MTT formazan crystals were
suificiently dissolved in the butfer in the incubatorat37° C. 1n
3% (CO,-95% air. Then, the absorbance at 550 nm 1n each
well was measured. The MTT lysis bufler was prepared as
tollows. 100 g of SDS (sodium dodecyl sulfate (sodium lauryl
sulfate), WAKO 191-07145, Osaka, Japan) was dissolved in a
mixed solution of 250 mL of N,N-dimethylformamide
(WAKO 045-02916, Osaka, Japan) with 250 mL of distilled
water. 350 ul each of concentrated hydrochloric acid and
acetic acid were further added to the solution to allow the
solution to have a final pH of about 4.7.

Upon measurement, wells having no cells plated and con-
taining only the medium and MTT solution were set as back-
ground (bkg). The measured values were respectively applied
to the following formula including subtracting bkg values
from them. Thus, the proportion against the control group
(group not treated with the drug, CTRL) (% of CTRL) was

calculated to compare and evaluate cell survival activities.

% of CTRL=(A4550_sample-4550_bkg)/
(4550_CTRL-bkg)x100

(AS50_sample: absorbance at 550 nm of sample well,
A5350 _bkg: absorbance at 550 nm of background well,
A550_CTRL: absorbance at 550 nm of control group well)
(5) AP ELISA

Human/Rat § Amyloid (42) ELISA Kit Wako (#290-
62601) and Human/Rat  Amyloid (40) ELISA Kit Wako
(#294-62501) from Wako Pure Chemical Industries, Ltd.
were used for AR ELISA. Ap ELISA was carried out accord-
ing to the protocols recommended by the manufacturers
(methods described in the attached documents). However, the
Af calibration curve was created using beta-amyloid peptide
1-42, rat and beta-amyloid peptide 1-40, rat (Calbiochem,
#171596 [AP,], #171593 [AP.,])- The results are shown 1n
Table 5 as IC30 values (uM) for decrease 1n the A342 con-
centration in the medium.

TABLE 5
Compound AP42 production
No. reducing effect (uM)
11 0.053
12 0.071
15 0.063
16 0.027
18 0.047

As 1s clear from the results of Table 5, the compound of the
present ivention was proved to have an AP42 production
reducing eifect.

INDUSTRIAL APPLICABILITY

The compound of the general formula (I) or pharmaceuti-
cally acceptable salt thereot according to the present mven-
tion have an AP42 production reducing effect. Thus, the
present invention can particularly provide a prophylactic or
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therapeutic agent for a neurodegenerative disease caused by
Ap such as Alzheimer-type dementia or Down’s syndrome.

The invention claimed 1s:
1. A compound represented by the formula (1):

|[Formula 1|

()

or a pharmaceutically acceptable salt thereof, wherein

Ring A 1s a C6-10 aryl group or a 5- to 10-membered
heterocyclic group,

L 1s a single bond, an oxygen atom or a group represented
by the formula —C(—O)NR"“— (wherein R” is a hydro-
gen atom or a C1-6 alkyl group which may have 1 to 3
substituents selected from Substituent Group a) or a
C1-6 alkylene group, a C2-6 alkenylene group or a C2-6
alkynylene group which may have 1 to 3 substituents
selected from Substituent Group a, respectively,

Ring B 1s a C3-8 cycloalkyl group, a C6-10 aryl group or a
5- to 10-membered heterocyclic group,

X 1s a C1-3 alkylene group or a C2-3 alkenylene group
which may have 1 to 3 substituents selected from Sub-
stituent Group o, respectively,

Y 1s an oxygen atom, a sulfur atom, a sulfoxide group, a
sulfone group or a group represented by the formula
— NR*— (wherein R* is a hydrogen atom or a C1-6
alkyl group, a C1-6 alkylcarbonyl group, a C3-8
cycloalkylcarbonyl group, a C6-10 arylcarbonyl group.,
a C1-6 alkylsulionyl group, a C6-10 arylsulionyl group,
a C6-10 aryl group or a 5- to 6-membered heteroaryl
group which may have 1 to 3 substituents selected from
Substituent Group «, respectively),

7. 1s a single bond or a C1-3 alkylene group,

R' and R* are each independently a hydrogen atom, a
halogen atom, a hydroxy group or a cyano group, or a
C1-6 alkyl group or a C1-6 alkoxy group which may
have 1 to 3 substituents selected from Substituent Group
a., respectively,

R® is a hydrogen atom or a C1-6 alkyl group, a C1-6
alkylcarbonyl group, a C6-10 arylcarbonyl group, a
C1-6 alkylsultonyl group, a C6-10 arylsulionyl group, a
C3-8 cycloalkyl group, a C6-10 aryl group or a 5- to
10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group ¢, respec-
tively,

R* and R> are each independently a hydrogen atom, a
halogen atom or a hydroxy group, ora C1-6 alkyl group,
a C1-6 alkoxy group, a C3-8 cycloalkyl group, a C3-8
cycloalkyloxy group, a C6-10 aryl group or a 3- to
10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group a, respec-
tively,

R° R’ and R® are each independently a hydrogen atom, a
halogen atom, a hydroxy group or a cyano group, or a
C1-6 alkyl group, a C2-6 alkenyl group, a C2-6 alkynyl
group, a C1-6 alkoxy group, a C3-8 cycloalkyl group, a
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C3-8 cycloalkyloxy group, a C6-10 aryl group or a 5- to
10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group a, respec-
tively, and

n 1s an mteger of 1 to 3
[ Substituent Group o.: a hydrogen atom, a halogen atom, a
hydroxy group, an oxo group, a cyano group, a C1-6 alkyl
group, a trifluoromethyl group, a trifluoromethoxy group, a
C1-6 alkoxy group, a C3-8 cycloalkyl group, a (C3-8
cycloalkyloxy group, a C6-10 aryl group and a 5- to 10-mem-
bered heterocyclic group].

2. The compound or pharmaceutically acceptable salt
thereot according to claim 1, wherein X 1s a C1-3 alkylene
group which may have 1 to 3 substituents selected from
Substituent Group c.

3. The compound or pharmaceutically acceptable salt
thereol according to claim 1, wherein Y 1s an oxygen atom.

4. The compound or pharmaceutically acceptable salt
thereol according to claim 1, wheremn Y 1s a sulfur atom or a
sulfone group.

5. The compound or pharmaceutically acceptable salt
thereol according to claim 1, wherein'Y 1s a group represented
by the formula —NR”*— (wherein R* is a hydrogen atom or
a C1-6 alkyl group, a C1-6 alkylcarbonyl group, a C3-8
cycloalkylcarbonyl group, a C6-10 arylcarbonyl group, a
C1-6 alkylsulfonyl group, a C6-10 arylsulfonyl group, a
C6-10 aryl group or a 5- to 6-membered heteroaryl group
which may have 1 to 3 substituents selected from Substituent
Group «, respectively).

6. The compound or pharmaceutically acceptable salt
thereol according to claim 1, wherein L 1s a group represented
by the formula —C(—Q)NR"— (wherein R” is a hydrogen
atom or a C1-6 alkyl group which may have 1 to 3 substituents
selected from Substituent Group o).

7. A compound selected from the following compounds:

1) (-)-N-(2'-amino-2,3,5',6'-tetrahydro spiro[chromene-4,

4'-[1,3]thiazin]-6-yl)-5-cyanopyridine-2-carboxamide,
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2) N-(2'-amino-2,3,5',6'-tetrahydro spiro[chromene-4,4'-
[1,3[thiazin]-6-y1)-3-trifluoromethylpyridine-2-car-
boxamide,

N-(2'-amino-2,3,5',6'-tetrahydrospiro[chromene-4,4'-
[1,3]thiazin]-6-y1)-3,5-ditfluoropyridine-2-carboxam-
1de,

4) N-(2'-amino-2,3,5',6'-tetrahydro spiro[chromene-4,4'-

[1,3]thiazin]-6-yl)-5-bromopyrimidine-2-carboxamide,

5) N-(2'-amino-2,3,5,6'-tetrahydro spiro[chromene-4,4'-

[1,3]thiazin]-6-y1)-3-bromopyrimidine-2-carboxamide
or

6) N-(2'-amino-2,3,5".6'-tetrahydro spiro[chromene-4,4'-

[1,3]thiazin]-6-y1)-3,5-dichloropyridine-2-carboxam-
1de,

or a pharmaceutically acceptable salt thereof.

8. A pharmaceutical composition comprising the com-
pound or pharmaceutically acceptable salt thereof according
to claim 1 as an active ingredient.

9. A pharmaceutical composition comprising the com-

pound or pharmaceutically acceptable salt thereof according
to claim 7 as an active ingredient.

10. A method of treating Down’s syndrome, comprising
administering an eflfective amount of the pharmaceutical
composition according to claim 8 to a subject 1n need thereof.

11. A method of treating Alzheimer-type dementia, com-
prising administering an effective amount of the pharmaceu-
tical composition according to claim 8 to a subject 1n need
thereof.

12. A method of treating Down’s syndrome, comprising
administering an eflective amount of the pharmaceutical
composition according to claim 9 to a subject in need thereof.

13. A method of treating Alzheimer-type dementia, com-
prising administering an effective amount of the pharmaceu-

tical composition according to claim 9 to a subject 1n need
thereof.

3)
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CERTIFICATE OF CORRECTION
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APPLICATION NO. : 13/055830

DATED . August 6, 2013

INVENTOR(S) : Takafumi Motoki et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 58
Line 26, replace “Substituent Group a)” with --Substituent Group o)--.

Column 59
Line 36, replace “tetrahydro spiro™ with --tetrahydrospiro--.

Column 60
Line 1, replace “tetrahydro spiro” with --tetrahydrospiro--.

Column 60
Line 7, replace “tetrahydro spiro” with --tetrahydrospiro--.

Column 60
Line 9, replace “tetrahydro spiro” with --tetrahydrospiro--.

Column 60
Line 10, after “carboxamide’ insert --,--.

Column 60
Line 12, replace “tetrahydro spiro™ with --tetrahydrospiro--.
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Twenty-ei1ghth Day of January, 2014

TDecbatle X oo

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Olffice
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